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PREFACE. 


The differences in plant life which exist between distant or even 
between nearby localities must have come under the notice of man 
in the earliest semicivilized stages of his existence. Human depend- 
ence upon the products of the vegetable kingdom has served to 
maintain throughout all historic time a vivid realization of the 
vegetational differences encountered with changes of latitude, alti- 
tude, and proximity to the sea. The later stages of modern civiliza- 
tion have done extremely little to liberate man from his dependence 
upon plants, although the development of methods for the preserva- 
tion and transportation of food has given him greater freedom of 
movement into the jungle, the polar regions, the desert, and the 
modern city. 

Many of the activities of the last 150 years have been such as to 
increase our interest in the distribution of plants and in the nature of 
the plant populations which characterize different regions, different 
soils, or different topographic situations. Innumerable bands of ex- 
plorers and collectors have penetrated all parts of the world, bringing 
back materials upon which we have been able to base a knowledge of 
the flora and the larger aspects of the vegetation of all but the most 
inaccessible portions of the globe. The extensive introduction of 
economic and ornamental plants into new regions and even into new 
continents has awakened an interest in the possibility of still further 
introductions and in a study of the causes of the success or failure of 
such as have been made. ‘The increasing value of all the products of 
the forest has led to the planting of trees on a large scale within their 
native regions and to the experimental introduction of trees from dis- 
tant countries, as well as to attempts to improve natural forest stands. 
The increasing population of the world has augmented the value of its 
agricultural lands and has given importance to the study of the proper- 
ties of the soil in their relation to plants. The search for new agri- 
cultural regions and for crop plants adapted to the conditions in newly 
settled areas has led to an interest in natural plant growth as an index 
of the most promising soils or of the most suitable crops to be cultivated. 

Hand in hand with this widening utilization of the plant products 
of the world has gone a rapid development of the scientific study of 
plants in relation to their natural environment. During the first half 
of the nineteenth century there was a rapid accumulation of facts 
regarding the composition of the floras of the outlying portions of the 
earth, and these facts were almost as rapidly marshaled into an ordered 
knowledge of the great floristic regions. In this immense task the 
names of Humboldt, Schouw, Grisebach, de Candolle, Hooker, and 
Engler are intimately associated with the greatest accomplishments. 
The interests of plant geography in this stage of its development were 
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largely confined to-the distribution of species. Each species was of 
importance, because its distribution threw light upon the floristic 
affinities of the region in which it grew. Only a historical interest 
now attaches to the discussions of ‘‘centers of creation” which occupied 
de Candolle and his contemporaries. The inevitable questions as to 
the origin and significance of the floral regions of the world were 
immediately given a new trend by the publication of The Origin of 
Species. Two features of the Darwinian conceptions and method 
were destined to be of the most fundamental influence upon the further 
development of plant geography and its later outgrowths. The first 
was the demonstration—which it is now difficult for us to realize as 
so recent—that the present features of plant distribution have grown 
out of the distributional features of the past, and the second was the 
emphasis which it laid upon the importance to the plant of the entire 
complex or constellation of its environmental conditions. 

In the hands of Darwin the great store of distributional facts served 
as a source of material for aiding in the demonstration of his new 
principle. The multifarious structures of plants, as yet incompletely 
investigated by physiologists and anatomists, assumed a new signifi- 
cance as having an important réle in the existence of the individual 
and the race. 

For 20 years after the appearance of The Origin of Species there 
was keen activity in the reinterpretation of distributional facts and 
in the fresh interpretation of plant structures as related to environ- 
mental conditions. The study of plant distribution and of the differ- 
ences between the great floristic areas was now carried on as a dynamic 
subject, correlated with our knowledge of the geological past, and 
interpreted in terms of the importance of areas and periods of evolu- 
tionary activity, of paths of migration, of barriers, of the importance 
of isolation, and of relict forms. This path of investigation was tra- 
versed up to the point at which it became obscure and difficult. Its 
culminating achievements are recorded in Engler’s Entwickelungs- 
geschichte der Pflanzenwelt, a work which would even now admit of 
only minor revisions, 39 years after its first appearance. The fresh 
interpretation of plant structures, to which stimulus was given by the 
work of Darwin, was due to_a new appreciation of the importance of 
these structures in relation to environmental conditions; but it was 
unfortunately the course of events for many years that the structures 
themselves received attention, to the great neglect of the environment. 
The principal attempt of the outdoor workers who had become imbued 
with the Darwinian conceptions was to attach a significance to every 
structure and habit in plants, no matter whether such significance 
had been experimentally demonstrated or merely seemed to be highly 
plausible. One of the most energetic and ingenious of these workers 
was Kerner von Marilaun, to whom we owe many acute observations, 
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interpreted by an imagination of unrivaled vigor. It was charac- 
teristic of this epoch that chief stress was laid upon the living environ- 
ment, or “biological factors,” while little or no attention was given 
to the fundamental physical factors. Much careful work was done 
relative to the importance of insects for pollination—the structures 
in plants which serve to attract insects of a beneficial character or to 
repel harmful insects, mammals, snails, or toads. It is impossible, 
however, to overestimate the value of this period, in which travel and 
outdoor observation received such a great stimulus. Many facts were 
assembled, and the value of these was by no means vitiated through 
the frequently wrong interpretations that were placed upon them. 

The rapidly approaching completion of our knowledge of the floras 
of the world, and the inevitable slowness of all further investigations 
as to their origin and geologic history, have led to a great growth of 
interest in the natural assemblages of plants—in those plant communi- 
ties, large and small, which we designate as vegetation. For 25 years 
there has been an increasing interest in the study of vegetation. This 
has been partly an outgrowth of the relatively finished condition of 
the science of floristics and partly a result of the readjustment of the 
principles of the interrelation of the plant and its environment. The 
study of vegetation has already passed through the descriptive phase 
which ushers in every new branch of science, into its period of greatest 
fruitfulness, and has brought its leading problems to the point at which 
they demand for their solution a precise knowledge of the functional 
activities of the plant and an equally precise knowledge of the environ- 
ment. The subject of plant distribution and that of the relation of the 
plant to its environment are inseparable, and the study of vegetation 
during the past 20 years has been marked by a rapid coalescence of 
these two fields. In short, the old field of plant geography and the 
post-Darwinian field of environmental study have been brought 
together, and have pushed their problems to a point at which physio- 
logical facts and methods are of first importance for the next steps in 
their solution. The modern study of plant ecology may be looked 
upon as plant geography which has drawn its major outlines and has 
begun to give attention to details, or it may be regarded as a study of 
the relation of plant and environment in which the plant is viewed as 
a functioning organism and the environment as a physical complex. 

The study of the environmental control of the activities of a single 
species of plant has many differences from the study of the control 
of a plant population, in so far as concerns the more general features 
of the controls in each case, but in final analysis the two problems 
merge into each other. It is precisely this fact that has come to be 
generally recognized and has resulted in the coalescence that has been 
alluded to as forming the subject-matter of ecology. 
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Both communities and species may be studied with respect to the 
phylogenetic relationship of the species concerned and their places 
in the natural system of classification. The phylogenetic study of 
individual species has formed the sharply defined field of taxonomy, 
but the study of communities from the standpoint of the phylogenetic 
relationship of their component individuals has long been such a 
prominent part of plant geography that it has remained as a large 
element in ecological activities. The investigation of the causes 
which determine the distribution of plants and plant communities is 
essentially a physiological task, in which it is necessary for us to 
regard the plant as a functioning organism and to give little attention, 
for the time being, to the fact that it has a descent-kinship with other 
plants. .We must keep the plant in mind as an aggregation of coordi- 
nated physiological processes, continually controlled by a complex 
of environmental conditions. It is only by a sharp separation of the 
phylogenetic and the physiological considerations of the plant that 
we can hope to investigate with success the relation of plants to their 
environmental controls. The physiologist has thus far been mainly 
interested in the individual processes of the plant as affected by the 
environmental conditions acting singly. The ecologist is interested 
in the collective activities of the plant, as controlled by the entire set 
of environmental conditions and as measured by the dispersal, estab- 
lishment, growth, reproduction, and survival of the plant in a state of 
nature. He is further interested in the assemblages of plants which 
occupy the same natural situations or habitats, which appear to be 
subjected to closely similar sets of environmental conditions and 
appear to meet these environmental complexes by closely similar or 
dissimilar types of physiological behavior. In short, the physiologist 
has mainly investigated the absolute value of conditions by the pre- 
arranged and controlled methods of experiment, while the ecologist 
investigates the relative value of these conditions as they cooperate 
to influence the plant, endeavoring to determine which of them are 
effective in determining habitat and distribution, and what intensities 
are of critical importance in this connection. He is also especially 
interested in the combination of the many different kinds of environ- 
mental conditions, as these form the infinite variety of environmental 
complexes furnished by nature. 

While plant geography is an old science, with a large literature, and 
while the newer science of ecological plant distribution already pos- 
Sesses numerous monographs that present types of vegetation, plant 
associations, etc., as related, in a general way, to environmental con- 
ditions, yet these studies have usually been primarily descriptive of 
the vegetation itself, and but little has yet been accomplished in the 
way of corresponding descriptions of the environmental conditions 
that are observed to be concomitant with the various forms of vegeta- 
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tion. Much less has it been possible to discover quantitative relations 
between vegetation characters on the one hand and environmental 
conditions on the other. Before such relations can be looked for it is 
obvious that environmental conditions must be described in more or 
less quantitative terms, and similarly quantitative descriptions of the 
corresponding vegetational forms must also be available. The present 
publication is a first attempt to bring these two kinds of descriptive 
knowledge together for the geographic area of the United States. Be- 
cause of the newness of the point of view, if not of the subject, but little 
detailed discussion of the reasons for the actual quantitative relations 
that exist between plants and their surroundings is here attempted. 
We have generally been content to point out the kinds of observations 
that appear to be needed and to bring together such observations and 
descriptive deductions as we have been able to obtain, both with 
reference to the vegetation and with reference to those of the environ- 
mental conditions that are measurable, and for which measurements 
are at hand. 

It is obvious at once that the subterranean conditions of plant 
habitats have not yet received enough attention from the present 
point of view to make even a tentative description of these conditions 
possible; the soil studies that have been made are either not sufficiently 
quantitative or else they deal with features that are not directly related 
to plants, or the relation of which to plants is not yet clear. This 
being the case, the main environmental conditions that thus far lend 
themselves to quantitative study, albeit in a very superficial way, are 
those that are effective above the soil surface. These features com- 
prise those conditions that are generally termed climatic. Therefore 
our study has dealt almost wholly with climatic features, and the rela- 
tionships between vegetation and climate are the main relationships 
with which we have been constrained to deal. It is almost certain 
that the causal relationships between plants and their environments 
can not be satisfactorily discussed in the majority of cases until sub- 
terranean conditions are given at least as thorough treatment as we 
have been able to give to the aerial conditions, so that any apparently 
definite conclusions that seem to emerge from our comparisons must 
be held tentatively until suitable methods for the quantitative study 
of soil conditions have been devised and generally applied. 

Another aspect of the causal relations that obtain, or have obtained, 
between plants and the environmental complexes of their habitats 
brings what has been termed the historic factor into prominence, and 
this factor involves conditions of the remote past, both aerial and sub- 
terranean. With this aspect we do not deal seriously in the present 
publication. 

On the whole, then, our aim has not been to discover true causal 
relationships between the two categories of observations here con- 
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sidered, but, rather, simply to describe some of the vegetational and 
climatic features of the country, in such a way as to emphasize the 
desirability of pushing this sort of study forward, and to make clear 
what sort of observations and what sort of deductions therefrom seem 
to give promise in this direction. Our work is primarily descriptive, 
as most ecological work must be for a long time to come, and the dis- 
covery of simple concomitancy is our nearest approach toward the 
establishment of causal relations. We have been led to the view that 
ecological science can be most rapidly advanced through this general 
method of quantitative comparison and by the placing upon record of 
such cases of concomitancy (between plants and their surroundings) 
as this method is able to bring forth. 

Our attitude toward plants has been that of the physiologist, and we 
have tried to bear constantly in mind the conception that vegetational 
characters are simply expressions of the activities of individual plants. 
We maintain that all discovery of true causal relations in ecology must 
depend finally upon this point of view. Our attitude toward climatic 
conditions has been somewhat, though not wholly, like that of the 
climatologist; with meteorology and the causes of climatic features 
we have had nothing to do. Attention has been centered, as far as 
possible, upon those particular climatic features that directly affect 
plant activity. Thus most of our climatic discussions bear either 
upon temperature or moisture conditions. We have tried to consider 
climate in relation to plant growth in much the same way as the 
experimental physiologist considers the relations between his cultures 
and their surrounding conditions. 

Many features of the vegetation and many climatic conditions have 
been omitted or have received scant consideration in the present 
publication. Those have been more seriously considered which seemed 
to give the greatest promise and for which the needed data were most 
readily available. The work has grown from very unpretentious 
beginnings made over a decade ago, and its ramifications into aspects 
not at first thought of have been controlled partly by a priori judgment 
as to what appeared more or less promising, partly by availability of 
the requisite observations and partly by our own limitations as to 
time and energy as well as ability. Many other features or dimensions 
of climate and of vegetation might have been dealt with, and the reader 
will find here many suggestions for investigations, the carrying out of 
which would require from a few hours to many years. In short, em- 
phasis should be laid on the fact that the present study is to be regarded 
only as a beginning along a line that holds forth very great promise. 
The real conclusions from our work are to be drawn by others as this 
kind of study is pushed forward. 

It may be in place here to give a little space to our reasons for 
attributing to quantitative physiological plant geography such great 
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importance and promise for the future as we frankly do. Ecological 
science has won its way in a comparatively short time, and now finds 
itself in the front rank of those lines of intellectual effort that con- 
stitute biology in the broad sense. Following Warming and Schimper, 
the biological world has rapidly become very thoroughly interested 
in the occurrence and behavior of organisms under natural conditions 
and in the reasons for this occurrence and behavior. This widespread 
interest may be taken as evidence that ecological study isnow generally 
regarded as fully as worth while as are taxonomy and phylogeny. 

Since ecological problems are dynamic ones by their very nature, 
the quantitative aspect of ecological description and the dynamic 
relation of different sets of conditions within and without the plant 
must receive the main attention as soon as a superficial acquaintance 
with the field has been attained. Plant geography can progress but 
little farther by qualitative observational methods, and the physio- 
logical and quantitative point of view must, of necessity, finally pre- 
vail. Our aim has been largely to make some planned preparation for 
this newer development, which has already gained considerable head- 
way. 

Another and more obviously practical reason for regarding the 
physiological ecology of animals and plants as of very great promise 
lies in the fact that the art of animal and plant production (agriculture) 
rests almost wholly upon this branch of biological science. The 
problems with which the physiological ecologist deals are the same 
problems as have to be solved by the agriculturist. One may study 
natural vegetation or the distribution and environmental relations 
of wild animals and the other may give his attention wholly to agri- 
cultural crops and the rearing of domestic animals, but the problems 
and the general methods by which solution may be obtained are the 
same in both cases. The interpretation of crop production in terms of 
climatological conditions has already attained to great importance. 
The government of Russia long maintained an organization for the 
study of agricultural climatology and the results warranted great 
expectation. During the years in which we have been engaged upon 
the present investigation, the Canadian government has copied many 
features of the Russian organization, and this branch of the Dominion 
Meteorological Service is now well established. Finally, the obvious 
importance of climatology in agriculture has been emphasized in the 
United States through the establishment of a special division of agri- 
cultural meteorology in the United States Weather Bureau. 

Also, it should be remarked that much of the art of forestry rests 
upon the science of physiological plant geography; so much so that 
students of forestry already clearly realize the need for studies of the 


kind suggested by this publication. 
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The studies here reported were carried out under the auspices 
of the Department. of Botanical Research of the Carnegie Institution 
of Washington. They were begun when both the authors were located 
at the Desert Laboratory. We are greatly indebted to many persons 
who collaborated and assisted in various ways. Especially should be 
mentioned Grace J. Flanders, who carried out most of the climato- 
logical computations upon which the work rests and who assisted 
very much in the preparation of the climatic charts. Others who 
helped with computations are J. W. Shive and H. E. Pulling. The 
cooperators in our series of evaporation observations, whose names 
are given in table 13, should also be mentioned here. It is interesting 
and significant to remark that this series of studies, in which these 
individuals so kindly assisted, formed the point of departure from 
which the whole study, as here presented, has been developed. 
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INTRODUCTION. 


I. THE DISTRIBUTION OF VEGETATION IN GENERAL, AS RELATED 
TO CLIMATIC CONDITIONS. 


This publication constitutes an attempt to correlate the distribution 
of the vegetation of the United States with the distribution of some 
of the climatic conditions that appear to be most important to plants. 
It has long been a matter of common information that such a correla- 
tion exists, and some of its most obvious features have commanded 
popular attention from the earliest settlement of the country. The 
influence of a low and uncertain rainfall in inhibiting the occurrence 
of trees in certain portions of Kansas and Nebraska, for example, and 
the influence of the high winter precipitation of the Pacific Northwest 
in permitting the occurrence of a heavy forest in that region, are mat- 
ters that have come to the attention of every one familiar with those 
regions. It has been the aim of our work to make a somewhat thor- 
ough investigation of such correlations as these by bringing together 
a carefully elaborated set of climatological data and a representative 
set of data with respect to the occurrence of certain characteristic 
species of plants, in addition to the facts of the distribution of typical 
vegetations. We have sought, by appropriate means, to ascertain the 
extremes of each climatic feature for each of the vegetational or dis- 
tributional areas. In short, we have determined the maximum and 
minimum values of each climatic feature for such well-known regions 
as the Great Plains, the Gulf pine-belt, or for such well-known species 
as the Sitka spruce (Picea sitchensis), the sage-brush (Artemisia tri- 
dentata), and the small cane (Arundinaria tecta). 

Our desire is not only to set forth the basal facts upon which we have 
worked and such features of correlation as we have been able to dis- 
cover, but also to clarify some of the conceptions fundamental to such 
work and to stimulate a greater interest in it. It is particularly desir- 
able that our work should be regarded as a preliminary and extremely 
general investigation of this subject for the United States, and that 
more exact studies of smaller areas should be carried out in order to 
study more thoroughly the relations with which we have dealt. It will 
of course be possible to use the climatological data which we have 
gathered for the study of other subdivisions of the vegetation than 
those that we have used and for the determination of the climatic con- 
trols for other species than those we have selected. It 1s also to be 
hoped that the United States Weather Bureau and other agencies will 
make it possible, at no distant date, to draw other climatic maps than 
those we have been able to construct from the data now available. 
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While the determination and delineation of climatic conditions is 
capable of being given mathematical precision in a number of different 
ways (as will be shown in Part IT), the classification and geographical 
delimitation of vegetation requires a preliminary discussion of the 
point of view from which such work may be done and of the concep- 
tions on which it may be based. The term “‘vegetation,’” meaning the 
total plant population of an area viewed from the anatomical and 
physiological rather than the taxonomic and floristic standpoint, is 
easy of definition and clear in its meaning. So complex, however, are 
the natural plant assemblages of almost every locality that an attempt 
to classify them, even in the most preliminary manner, requires at once 
the use of personal judgment as to criteria of classification and as to 
the relative weight to be accorded to characteristics that are totally 
distinct in kind. 

Several workers have devised methods for giving mathematical 
definiteness to the description of plant assemblages in terms of floristics, 
by count or estimation of the number of individuals of each species 
involved. To give this same assemblage, however, a definition which 
might serve to compare adequately the physiological characteristics 
of its component individuals with those of the individuals in another 
near or distant assemblage, is at present very far from possible. We 
are merely able to define such an assemblage as being “salt marsh,” 
“arctic tundra,’’ “‘coniferous forest,’”’ or the like. These categories are 
sufficiently definite in their meaning to give us a mental picture of the 
size, gross anatomy, density of stand, seasonal activities, and other 
features of the plants concerned; they are not adequate, however, for 
a strict comparison of the salt marsh and the arctic tundra in physio- 
logical terms, nor for the comparison of two salt marshes that are 
widely distant. 

The study of vegetation as such has been, on the whole, greatly 
obscured by the fact that it has never been completely divorced from 
the study of the flora. Too much emphasis can not be laid, at the 
present time, on the radical distinctness of the work of physiological 
plant geography, on the one hand, which attempts to relate the occur- 
rence and distribution of species as physiological entities, to the factors 
of environment, and the work of floristic plant geography, or phytogeo- 
graphy, on the other hand—which attempts to reveal the geological 
history, the movements, and vicissitudes of species as phylogenetic 
entities. The floristic flavor which plant geography and ecology have 
always possessed may be largely accounted for by the fact that all 
plant-geographical interest has sprung historically out of floristics, 
and by the fact that we are in the position of not being able to men- 
tion a plant of particular identity without using its technical Latin 
name, which is solely an abbreviated expression for denoting the place 
we believe it to occupy in the phylogenetic scheme. No one will deny 
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that the Latin name is a convenient means of expressing genetic rela- 
tionship, that it is & convenient designation for speaking about species 
in any connection whatever, and that it will continue to have these uses 
even after the student of genetics has been driven to use some numeri- 
cal scheme of designation for the forms in which he is particularly 
interested. Nevertheless, in order to come squarely to face with the 
problems of physiological plant geography, we shall have to lay aside 
much that floristics has taught us, and shall have to ignore phylogeny, 
except in so far as it shows us that plants of close kinship often have 
the same or similar anatomical and physiological characteristics. The 
first writer to insist upon the physiological point of view in plant 
geography was A. F. W. Schimper, whose monumental Plant Geog- 
raphy, which appeared 22 years ago, has done much to stimulate 
interest and activity in what we may designate as causational or 
etiological plant geography. 

We have approached our problems in plant geography with the men- 
tal conception that they are merely problems in physiology, with all 
of the environmental conditions fluctuating and uncontrolled, but 
nevertheless measurable, and with all the activities of the plant in 
normal performance and also measurable, not by auxograph and bal- 
ance, but by such features as distributional extent, habitat occurrence, 
communal behavior, relative abundance, size, seasonal behavior, ete. 

The observation, description, and classification of the innumerable 
types of vegetation which clothe the earth have been carried on in great 
detail for some of the areas of Europe, Africa, and North America, 
and. have been outlined for the whole globe. These observations and 
descriptions range from the hasty and incomplete work of pioneer 
explorers, who were perhaps making many kinds of observations at 
the same time, to the most painstaking charting of the location of 
individual plants over larger or smaller areas. The classification of 
plant communities from non-floristic standpoints has been made, in 
connection with their description, by numerous workers in many 
countries, and almost innumerable schemes of vegetational classifica- 
tion and nomenclature have been proposed for general application. 

The fundamental defect of these attempts at the classification of 
such a complex body of material is that they are all largely subjective 
in character. As a result of this, the total amount of disagreement 
among students of vegetation is at least as great as the amount of 
agreement. Perhaps no ten workers could be found all of whom would 
place the same plant community in the same general vegetational 
category or would propose less than 6 or 8 different technical designa- 
tions for it. There is a strong desire among all classes of plant geog- 
raphers to come into closer agreement in these matters, but it may 
well be asked whether, in default of fundamental and universal criteria 
of classification, such agreement is possible among men of different 
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observational experiences, and, indeed, whether such agreement 
would actually yield substantial advantages. 

The classification of vegetations is thus seen to be by no means an 
easy task, and it is no marvel that there is lack of agreement among 
those interested in it. Plant communities are usually made up of many 
species, and these species are usually of distinct floristic relationship, 
or dissimilar geographic range, and of varied physiological require- 
ments and behavior. Furthermore, a particular community does not 
range far without the acquisition of new members and the loss of old 
ones. The classification of such a complex material requires the adop- 
tion of arbitrary standards, and consequently leads to an unnatural 
system or else to one which is only of local applicability. 

Physiographic ecology affords a genetic basis for the classification of 
vegetation, and the logic of such a system has much to recommend it. 
Physiographic criteria are not, however, of universal applicability for 
the classing of vegetation, and lead to unnatural interpretations of 
vegetational phenomena in many regions, particularly in the tropics, 
in deserts, and in regions with diversified geological and soil conditions. 
Furthermore, physiographic ecology is inclined to lead to a false sense 
of satisfaction with the assembled results of the study of a series of 
successions, and has often failed to stimulate a study of the physical 
causes which underlie the observed successional phenomena. 

Several Scandinavian and German botanists have rightly urged 
that the classification of plant communities should be based upon the 
recognition of certain distinctive types or forms of plants. These 
“biological types,” ‘life-forms,’ ‘“‘vegetation forms’ or ‘growth- 
forms” are recognized without regard to phylogenetic relationships, 
and serve to distinguish such groups as deciduous broad-leaved trees, 
evergreen coniferous trees, perennial grasses, sclerophyllous shrubs, 
etc. Several systems of growth-forms have been proposed, each more 
elaborate and complete than the next preceding. In so far as these 
systems represent an attempt at a physiological classification of plants 
they are highly commendable, and must lie at the foundation of physi- 
ological plant geography. 

Unfortunately, however, our knowledge of the physiology of plants 
is chiefly based on the behavior of a small number of kinds of plants, 
mostly cultivated forms growing under sets of conditions at best only 
partially controlled or measured, and the existing classifications of 
growth-forms have been based on the inference that the gross anatomi- 
cal features of plants are an index of their major physiological char- 
acteristics. We have not yet secured enough evidence to test this 
j nf erence in more than a general way. We know that there are marked 
differences between the annual march of transpiration and photo- 
synthesis in evergreen conifers and in deciduous broad-leaved trees, 
and that there is no contradictory significance in the fact that such 
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dissimilar trees often grow side by side. We know that arborescent 
cacti and microphyllous trees differ markedly in the character and 
activity of their root-systems, and that the annual course of absorption 
and transpiration in the two types is very unlike, in spite of the fact 
that the two are constant associates. In view of the incompleteness of 
the knowledge which might afford a basis for the classification of life 
forms, it behooves us to recognize a limited number of such forms and 
to extend the list only on securing evidence of the divergent behavior 
of groups of plants. 

The difficulties inherent in the classification of vegetation have led 
some of the German and British botanists to use the physical charac- 
teristics of the habitat either as the sole criterion for classification or 
else as a secondary criterion, employed together with the charac- 
teristics of the plants themselves. Such a procedure may be looked 
upon as an indirect method of securing evidence of the physiological 
character of the plants involved and is logically allowable only on such 
ground. In any case in which plants of identical growth-form occur 
in two situations of very unlike physical conditions, an excellent 
opportunity is afforded to investigate the comparative physiology of 
the plants. If, as is very unlikely, the two groups should be found to 
be physiologically alike, there would then be no ground whatever for 
the separation of the two vegetations in classification. If physiological 
distinctions should be discovered, these, rather than the unlikeness of 
the habitats, should then form the basis for separating the two vege- 
tations. 

Our deepest concern for the development of plant geography is 
that its activities may be diverted from the description and classifica- 
tion of vegetation on subjective grounds and that they may be directed 
toward experimental work so planned as to yield an actual physio- 
logical basis for the classification of vegetation. Starting with the 
small body of experimental data which now makes it possible to recog- 
nize certain groups of plants with a general coherence of physiological 
behavior, it will become possible in the course of time, and of much 
hard work, to extend our knowledge far enough to actually under- 
stand the different types of vegetation which we now photograph, 
map, list, and name. 


Il. STUDY OF THE DISTRIBUTION OF INDIVIDUAL SPECIES. 


The investigation of correlations between climatic conditions and 
vegetation has been extended, in our work, to the relations between 
the climate and the distribution of certain individual species of plants. 
We are here treading upon fresher ground, on which extremely little 
work has been done. To attempt to define the factors which are 
responsible for the geographical distribution of any one plant species 
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is, indeed, to face a problem of considerable complexity. Even in the 
presence of the results of our own work we are not prepared to main- 
tain that the distribution of all species is at the present time strictly 
controlled by the complex of physical conditions for which we have 
tried to derive numerical values. We are in the position, however, of 
being convinced that certain species are thus controlled, the evidence 
in this direction being partly our own and partly due to an analysis 
of the work of others. 

It is very generally maintained that the distribution of many plants 
is due to certain “historical factors,’ which is merely to say certain 
physical conditions which have operated in the past, or the conditions 
which determined the distribution of the ancestral stock of the plant 
in question. When we speak of the historical factors and the present 
factors operative in determining plant distribution, we must bear in 
mind that we are embracing in the former term two very dissimilar 
things which have registered a combined effect. We must look to 
evolutionary history and to paleobotany to tell us where a particular 
genus originated, at what epoch, and from what stock. We must look 
to paleobotany and paleoclimatology to tell us what have been the 
movements, the extensions, and the retreats of this genus. The 
initiation of a species is, from our standpoint, purely an evolutionary 
event; the history and fate of the species after its initiation are con- 
sidered as dependent upon the changes in orography or climate which 
it may encounter, always with the possible cooperation of physiological 
changes in the stock which are unaccompanied by morphological 
modifications of diagnostic value. It is conducive to clearer thinking, 
therefore, to distinguish between the evolutionary factors and the 
paleoclimatic factors which compose the historical factor. This dis- 
tinction has its principal value in compelling us to regard the present 
distributional phenomena of the earth as merely a momentary stage 
in the prolonged and incessantly active procession of change due to 
secular or sudden changes of climate, or to destructive or constructive 
events in surface geology, and discontinuously marked by evolutionary 
activity. We are made to realize that there is no gulf between the 
climate of the past and that of the present, and that there has been 
no sudden, extensive, or unaccountable readjustment of distributions. 

The réle of the evolutionary factor can not be escaped in any con- 
sideration of distribution. For example, we owe it to facts in the 
history of the great plant stocks that Yucca arborescens occurs in the 
Mohave Desert of Southern California and that Aloe dichotoma, 
somewhat similar to it in form, grows in the deserts of Southwest 
Africa. It is likewise a part of phylogenetic history that very many 
plants were formerly confined to particular regions, whereas they now 
have been introduced overseas, into climates which prove to be wholly 
congenial to them. However, the reasons for the distributional ranges 
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of Yucca and Aloe in their respective continents are to be sought in 
the operation of the environment, and the spread of an introduced 
plant in a new continent must be controlled by environmental con- 
ditions just as it was controlled in its native continent. 

Evolutionary activities may be thought of as supplying the raw 
materials out of which the physical environment has made the present 
distributional complex of the earth’s surface. We can not hope at 
present to understand why a strong development of the genus Yucca 
has occurred in the southwestern United States and a rich develop- 
ment of Aloe in South Africa, and the answer to such a question, if 
forthcoming, would have only a remote relation to the study of the 
present influences which are limiting the distribution of the members 
of these two stocks in their respective continents. 

The réle of paleoclimatic factors is also an immanent one in the 
determination of plant distribution. Many species have a known 
ancestry and a known ancestral range, at the same time that they now 
inhabit areas of such small size that it is difficult to believe that any 
present physical conditions are restricting them. The history of these 
plants has been one of extinction and retraction, due to changes in 
their old extended environment. They are now unable to regain their 
old ranges, or even to spread over relatively short distances. These 
species may well be looked upon as physiologically and genetically 
decadent, and either decadent because they are geologically old or 
else old because they have failed to change their requirements to that 
slight extent which might permit a greater extension, or to that greater 
extent that would have reacted upon form in such a manner as to make 
us regard the resulting plants as distinct species from the old ones. 

In addition to the old and restricted, or relict, species we have 
another class of plants of limited range, those which are apparently 
just appearing on the scene and have not yet had time to occupy the 
entire area in which they might be expected to find congenial condi- 
tions. These plants are generally members of large genera, such as 
Opuntia, Antennaria, and Crategus, or else of genera which have been 
recently subdivided, whereas the relict species are usually members 
of small genera. It is not always easy to decide whether a given 
restricted distribution is of the relict type or of the ‘novitiate’ type, 
as we may call the emerging species. Our decision, in the lack of other 
evidence, is apt to be based upon the existence or absence of fossil 
records of the species or its allies, or else upon the size and phylogenetic 
position of the genus or family. Such a restricted conifer as Pinus 
mayriana may well belong in either class, and the members of many 
small or monotypic genera of Mexican Composite may also stand in 

osition. i 
' eee caterable number of our plants belong neither to the relict 
nor to the novitiate class. They are of such age that they have had 
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time to extend themselves as far as the subtle factors of their environ- 
ment, the crude power of great barriers, or the operation of suitable 
agents of dispersal have permitted, and their course has not run so far 
that climatic and orographic calamities have overtaken and restricted 
them. 

This great class of physically controlled plants can not be specifi- 
cally enumerated at the present time. There are many good reasons 
for believing it to contain the bulk of the species which form the 
dominant element in all vegetation, whether these are plants of 
extended range and frequent occurrence, plants of more restricted 
range, or plants whose occurrence is determined by complexes of con- 
ditions which are themselves rare. We may find areas of vegetation in 
which a relict plant is dominant, as is true of the groves of Cupressus 
macrocarpa near Monterey, California, or others in which a novitiate 
plant is very abundant, as is true of the Cababi Hills in southern 
Arizona, where an undescribed Opuntia, known nowhere else, is 
extremely abundant. Although cases of this sort are fairly common, 
they are usually readily detected by a more thorough study of the 
adjacent regions. Such trees as Lirtodendron, Taxodium, and Liquid- 
ambar are known to have undergone distributional recessions, but 
they occupy such large areas at present that they can scarcely be 
classed as relict species, and can surely be placed among the plants 
whose distributional controls are worth looking for among factors at 
present operative. Whether the physically controlled plants form a 
large or a small percentage of our flora, we can at least state with some 
assurance, based upon the correlation of distribution and climatic 
conditions, that they form the predominant part of our vegetation. 
The great bulk of the trees, shrubs, grasses, root-perennials, and other 
plants which make up the dominant natural vegetation of the world 
may safely be held to have had their present distributional limits 
imposed by physical factors which are either now operative or were 
operative in very recent time. Such factors may be acting directly 
through the conditions of climate or may be acting indirectly through 
soil conditions, through geographic or physiographic changes, through 
the influence of associated plants, through animal, fungal, or bac- 
terial enemies, through fire or mechanical agencies, or through the 
means of animate or inanimate agents of dispersal. Since these indirect 
factors of environment can affect plants only through the same kinds “ 
of physiological influences as are exerted by the direct factors of the 
climate, they are at bottom of the same nature, whether we allude to 
them as “biotic” factors, “mechanical factors,’’ or what not. 

In the isolated desert mountains of southern Arizona the great bulk 
of the species are physically controlled in their distribution, as is 
abundantly shown by the universality of each of these species through- 
out a given altitudinal range or a given set of habitats, and by the 
definiteness with which it is limited by rather sharply drawn lines. 
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When one of these mountains is compared with another the floras 
are found to be closely similar but not identical. Certain species range 
over the western cordillera of Mexico or over the central Rocky 
Mountains and have reached certain of the isolated desert mountains 
without having reached all of them. At least a few cases are known 
in which a given species is common throughout several mountains and 
is known from only one or two restricted localities in another moun- 
tain, although it is there surrounded by an area possessing a favorable 
environment for it. In view of the universality of the distribution of 
most of the mountain species, these cases appear to be the opening 
invasions by which new components are being added to the flora. 
They are in a way analogous to the novitiate species of larger areas, 
and their presence in no way vitiates the evidence for the physical 
control of the distribution of the major portion of the mountain flora. 
In determining the limits of the types of vegetation which are shown 
in plate 1, no consideration whatever has been given to the ranges of 
individual species of plants. It is true, nevertheless, that each of these 
great vegetations possesses many species, particularly among its 
dominant forms, which are roughly confined to the area occupied by 
the vegetation itself. Pzcea sitchensis, for exampk, is nearly coincident 
in distribution with the Northwestern Hygrophytic Evergreen Forest; 
Pinus teda extends very little beyond the range of the Southeastern 
Mesophytic Evergreen Forest, and Bulbilis dactyloides extends over 
nearly the same area as the Grassland and the Grassland-Deciduous 
Forest Transition. Other forms are nearly coincident with groups of 
areas, as is the case with Covillea tridentata, which is found in the 
California Microphyll Desert, the Arizona Succulent Desert, and the 
Texas Succulent Desert. Since the limits of groups of dominant 
plants have been unconsciously and necessarily taken into account 
in delimiting the vegetational areas, it is to be expected that there 
should be many cases in which the physical conditions concomitant 
with the distribution of a given type of vegetation and those concomi- 
tant with the distribution of some of its dominant species should prove 
to be nearly identical. aa 
We regard the view that vegetation is determined in its distribution 
by complexes of physical conditions, as established beyond all cavil 
by the work of a large number of men, if indeed it is not almost axio- 
matic. That the distribution of individual species is also controlled 
by physical conditions is equally well demonstrated, so long as we con- 
fine our attention to the common forms which are important elements 
of the vegetation. There are doubtless many of the novitiate and 
relict species of plants which find the physical conditions of the present 
time a barrier to their spread, but such cases have not yet been demon- 
strated. We have, therefore, confined our consideration. of individual 
species to forms which are extremely abundant, except in a few cases 


which will be noted. 
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II]. MANIFOLD OPERATION OF ENVIRONMENTAL CONDITIONS. 


Our knowledge of the modes in which the nature of the environment 
may affect the activities of plants, and thereby affect or determine 
their distribution, is sufficiently great to give a profound impression of 
the complexity of the problem of the physical control of distribution. 
The experiences of agriculturists and horticulturists, the work of plant 
physiologists, and the observations and deductions of ecologists, have 
all combined to give us a very large body of facts relative to the mani- 
fold. features of the physical environment which may be of critical 
importance for the spread or survival of particular plants under par- 
ticular conditions. We are very well informed, both empirically and 
experimentally, with regard to many of the conditions which are 
harmful to cultivated crops and the climatic conditions which make it 
impossible to cultivate them beyond certain well-defined boundaries. 
A large part of this information relates to the ability or inability of 
plants to withstand frost or freezing temperatures, and to their ability 
to survive and grow under given limitations of water-supply. 

Enough has been done in the selection and breeding of economic 
plants to show that closely related forms may often exhibit great 
differences in ability to withstand low temperatures, low soil-moisture 
content, great ranges of soil texture, and the like. Enough is known 
of the distributional limits of plants which are associated in given 
regions to indicate that these are not limited by the same sets of condi- 
tions; they range to different distances and into regions of diverse 
character in such manner as to indicate that they have very dis- 
similar distributional controls. 

In spite of the manifold nature of the environmental controls and 
the well-known diversity among plants with respect to the nature and 
intensities of the conditions which control them, it is possible, never- 
theless, to distinguish certain classes of controlling conditions. The 
broadest line that may be drawn is the one separating the simple or 
direct factors of a climatic character and those which are not directly 
attributable to the climate. Later pages will be devoted to an elabora- 
tion of some of the major types of direct climatic conditions, but little 
will be said hereafter regarding the non-climatic conditions, such as 
the nature of the soil, such “biotic factors” as competing plants and 
preying animals, and such mechanical factors as the influence of wind 
(in causing mechanical injury), lightning, fire, landslips, inundations, 
active erosion, and other agencies of very real importance but usually 
of local or comparatively infrequent occurrence. So much is known 
regarding the importance of the character of the soil that it is custom- 
ary to speak of “climatic and soil conditions’ as if the two were of co- 
ordinate importance. The réle of the soil in maintaining a water- 
supply for plants is of vastly greater importance to them than any of 
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the other roles which it plays. Although the texture of the soil is of 
prime Importance with relation to the penetration, movement, and con- 
servation of a water-supply for plants, it is fundamentally the climatic 
elements of rainfall and evaporation that determine what the soils of | 
a given texture are able to do in presenting a moisture-supply of a 
given amount. We are compelled, therefore, to regard the soil as a 
medium through which the climate acts upon plants. The supply 
of moisture to the plant, due primarily to climatic conditions, is 
secondarily determined by the soil, just as the loss of moisture from 
the plant is determined through the medium of the atmosphere. The 
soil is a medium which differs from place to place independently of the 
climate, while the atmosphere is alike in all places, except in so far as | 
it is directly affected in its movements, temperature, and moisture- ] 
content by the primary conditions of climate. | 

Such a view of the réle of the soil in forming a portion of the environ- 
ment of plants takes no account of the cases in which the chemical 
nature of the soil and the amount and character of the salts and other 
solutes in the soil-water become factors of great moment. In the con- 
sideration of saline and alkaline areas, and certain limestone and ser- 
pentine regions, it is necessary to do more than investigate the texture 
of the soil in its réle as a stabilizer of the climatic moisture conditions. 

It has been customary to speak of competition as if it were a distinct 
condition of elemental character, capable of admitting or excluding a 
given plant to a given area in much the same manner as that in which 
a purely climatic condition would operate. The results of competition 
are registered upon a plant, however, in exactly the same manner as 
the results of a given climatic condition or set of conditions. Com- 
petition may exclude light, may restrict water-supply, or may operate 
in any one of a number of ways. The end-effects upon the processes 
of the plant are exactly such as might be exerted through climatic 
agencies, except it be in those cases in which there is an addition of toxic 
root-excretions to the soil. Even in such cases, the toxic substances 
act as chemicals and the plants producing them are not directly effec- 
tive. Competition may be of importance in determining the com- 
position of small areas of vegetation, but even then the competing 
plants must be regarded as struggling not with each other, but with 
physical conditions which are of precisely the same general nature as 
the conditions due in other places solely to climatic causes. The 
cases in which plants grow so closely as to exert an effect on the environ- 
mental conditions are similar to the cases in which the major plants 
modify the climate for the minor plants. Both of these cases must be 
left out of consideration in an attempt to determine the larger features 
of the réle of climate in relation to vegetation. ee rie 

It is possible to lay down a program for the study of distribution and 
its controlling conditions, applicable almost equally well to a given 
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species or to a given type of vegetation, and idealistic only in that it 
would require extension or modification to fit the necessities of any 
given case. Such a program, briefly outlined, is as follows: 


A. The securing of the distributional facts. 
1. Securing an exact knowledge of the geographical range of the given plant. 
2. Determining the ecological distribution of the plant. 
a. Its region of greatest abundance. 
b. Its region of greatest size. 
c. Its region of most rapid growth. 
d. Its region of greatest productivity. 
e. Its region of greatest catholicity of habitat. 
3. Determining the behavior of the plant at the limits of its range. 
a. The character of its limital habitats. 
b. The evidences for its limitation. 
B. Ascertaining the apparent climatic controls on a correlational basis. 
1. Determining the isoclimatic lines which follow nearest to the geographical limits 
of the plant form considered. 
2. Determining its habitat behavior with respect to climatic elements discovered in 1. 
3. Determining its comparative behavior at different portions of the periphery of 
its geographical range. 
C. Ascertaining the actual climatic controls by experimentation. 


IV. GROWTH-FORMS OF PLANTS. 


When we undertake to regard the vegetable kingdom from the 
ecological standpoint, and to investigate the importance of the physio- 
logical characteristics of plants as related to their distributional fea- 
tures, it is clear that considerations of phylogenetic relationship 
become of little importance. If we attempt to arrange the multifarious 
plant-forms of the earth in a series of groups according to their physio- 
logical affinities, so as to bring together the plants which have solved 
the same problems of environmental adjustment in the same manner, 
we shall have to depart very far from the families and genera of the 
natural system of classification. 

This is very obvious from a consideration of the diversity that 
exists in some of the large plant families. In the Composite, for 
example, we have trees, shrubs, and herbs, terrestrial plants and 
aquatics, large-leaved, small-leaved, and leafless perennials, mat- 
forming or cushion plants, slender climbers, etc. In the southwestern 
United States we have, conversely, a group of small-leaved or leafless 
woody perennials which are green-stemmed and richly branched and 
bear a close resemblance to each other, in so far as vegetative structures 
are concerned, in spite of the fact that they may belong to entirely 
different families. Among these plants are Thamnosma montanum 
(Rutacez), Keberlinia spinosa (Keeberliniacer), Holacantha emoryt 
(Simarubacez), Canotia holacantha (Celastracer), and Parkinsonia 
microphylla (Leguminose). 

Among the criteria used in the phylogenetic classification of plants 
are: the structure of the flower, the developmental history of the floral 
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organs, the systems of arrangement of leaves (phyllotaxy), the stelar 
anatomy of the stem, the existence and character of vestigial structures, 
and the recapitulation of ancestral features in the early life history 
of the plant. The facts which fall under these categories have been 
of long-standing use in phylogenetic classification, but have no direct 
bearing upon the present relation of the plants to their environmental 
conditions. Therefore these are not the criteria that would be useful 
in classifying plants for the purposes of ecology and plant geography. 


For these purposes we require a classification which shall give first 


attention to the vegetative rather than the reproductive organs of the 
plants, and to those features and structures which have to do most 
ee with their relation to the conditions of the soil and atmos- 
phere. 

When plant geographers first began to break away from floristic 
considerations and commenced to consider plants collectively, as 
vegetation, they felt the need of a means by which it would be possible 
to express physiological relationships. It was a very difficult thing 
to depart from the point of view by which plants could be placed in 
such definite categories as the Saxifragacee or the Liliaceze, or in such 
groups as “arctic circumpolar”’ or “littoral pantropist.”’ It was still 
more difficult to attempt, for example, to arrange the plants of heath, 
moor, tundra, and alpine meadow, in a series of groups that would 
bring out their physiological affinities. The very instant that we 
distinguish between the vegetation of any two areas we have taken 
into account, consciously or unconsciously, certain features of differ- 
ence between the plants of these areas. We notice the difference 
between the soft carpet of short grass which lies just above mean high 
tide in a brackish marsh and the tall, coarse grass which inhabits the 
quiet shallows below the high-tide line. We notice the difference between 
the forests of the southern Alleghenies and those of the Gulf Coast. 
In each case we have had our attention called to certain differences 
in the gross anatomy of the plants involved. In spite of the fact that 
the plants which characterize the two areas of marsh are both grasses, 
we recognize in them plants of different type, just as we distinguish 
the pines of the Gulf Coast and the oaks and chestnuts of the Alleghen- 
ian region. It is these obvious differences between plants, conspicuous 
even to the man who knows no Latin names for them, that form the 
basis for all the distinctions between vegetational areas. 

Considerable attention has been given, from time to time, to the 
definition of these anatomically and physiologically distinctive types 
of plants which are best designated as growth-forms. These attempts 
have a very fundamental importance to plant geography, for, although 
many of them have been extremely crude, they represent an attempt 
to express an ecological similarity that exists between many plants of 
distant phyletic relationships. They represent an effort to establish 
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categories in which we can place the rich variety of types that the 
plant organism has assumed. They constitute the beginnings of an 
ecological classification of plants from a physiological standpoint. 
Everyone must be aware that such a classification should have its 
beginnings in physiological work and not in the descriptive work of 
plant geography. It is not strange, however, that need for it should 
arise in geographical work and should be felt more by plant geographers 
and ecologists than by most physiologists. 

In a brief review of the attempts that have thus far been made to 
establish systems of growth-forms that will be of service in plant 
geography, it will suffice to mention only afew. The first was proposed 
by Humboldt! in 1805, in connection with his effort to determine the 
features that give distinctive character to the vegetation of different 
altitudes in tropical America. Humboldt saw, in the types which he 
recognized, the distinctive vegetational units that serve to bring about 
the physiognomic diversity of the different regions of the earth, 
rather than groups of possible physiological affinity. His list of 19 
types included the coniferous tree, the palm, the cactus, the tamarind- 
like tree, grasses, aroids, and the like. Grisebach® described 60 vege- 
tative forms, and his classification, like that of Humboldt, had to do 
largely with the conspicuous types of plants which determine the 
physiognomy of vegetation and aid in differentiating the great floral 
regions of the earth. Following upon these early classifications have 
come the systems of Drude,® Krause,* Pound and Clements,° Raun- 
kiair,® and Warming.’ The systems proposed by these men are far 
more elaborate than the earlier ones; they embrace all cryptogamic as 
well as phanerogamic plants; they include aquatics as well as land 
plants; they take into account seasonal behavior as well as form and 
differentiation, and, what is best of all in an attempt to devise a natural 
system, they introduce subordinate categories. 

The system of growth-forms most widely used at the present time, 
and the one that seems to have attracted the most attention to this 
subject, is that proposed by Raunkidr. His system is based entirely 
on the character of the perennating organs of plants and their position 
with respect to the substratum. His five groups are as follows: 


1Humboldt, Alexander von., Essai sur la Géographie des Plantes, Paris, 1805. 

*Grisebach, A. R. H., Die Vegetation der Erde, Leipzig, 1872. 

’Drude, O., Deutschlands Pflanzengeographie, 1896, and earlier papers. 

‘Krause, E. H. L., Die Eintheilung der Pflanzen nach ihrer Dauer., Ber. d. deut. Bot. Ges. 9: 
233-237, 1891. 

’Pound, R., and F. E. Clements, The phytogeography of Nebraska, Lincoln, 1898. 

®Raunkiir, C. Types biologiques pour la géographie botanique, Bull. Acad. Roy. Se. Dane- 
mark, Copenhague, 1905.—Livsformernes Statistik som Grundlag for biologisk Plantegeografi. 
Botan. Tidssk., 29, Kjobenhavn, 1908 (translation in Beih. Bot. Centralbl. 87, 1910).—Formations- 
underségelse og Formationsstatistik. Botan. Tidssk., 30, Kjobenhayn, 1909 (English abstract 
in Bot. Centralbl. 113:662, 1910). 

“Warming, E., Om Planterigets Livsformer, Festskr. ugd. af Universitet, Kjobenhavn, 1908. 


INTRODUCTION. ore 


Phanerophytes: Trees and shrubs with buds exposed on branches. 


Chamephytes: Plants with their dormant buds on the surface of the soil or just 
above it (30 cm.). 


Hemicryptophytes: Plants with buds in the surface layer of the soil. 
Cryptophytes: With subterranean dormant buds. 
Therophytes: Perennating as seeds; annuals. 


This classification expresses the physiological diversities of the vege- 
table kingdom in a very inadequate manner. It lays stress upon the 
resting organs, with total disregard of what we may term the “work- 
ing organs.” 

Its author has more recently! proposed a subdivision of his group 
“phanerophytes,”’ based on the size of the leaves. These six “size- 
classes” make it possible to use somewhat more definite terms in 
descriptive plant geography, but they do not satisfy the requirement 
for a more precise knowledge of the physiological significance of leaf- 
size. The fact that the transpiring power of leaves is not definitely 
related to their size is one of the considerations which makes this 
eriterion of doubtful value even for a preliminary classification of 
growth-forms. 

Raunkiir, Paulsen, and other workers have used the above system 
of growth-forms to derive what they have designated as “biological 
spectra.’’ By this method the entire flora of a given region is appor- 
tioned among the five classes of the system, and the values are thus 
secured for the percentage of the total flora which is formed by each 
class. These spectra possess little value to the student of vegetation, 
inasmuch as they are based upon a consideration of the flora rather 
than the vegetation. The biological spectrum of a pine forest with 
175 species of root perennials growing in its shade would be very 
slightly changed by the removal of the pines, although this would 
effect a very profound change in the character of the vegetation. The 
securing of the biological spectrum for a given number of the com- 
monest plants of an area, as has been done by Taylor’ for Long Island, 
gives results of some value, but their ecological importance is still 
limited by the inadequacy of the classification. 

The most carefully elaborated system of growth-forms is that of 
Drude, proposed in his Oekologie der Pflanzen." This system is 
thoroughgoing and complete at the same time that it is eminently 
natural, in the sense that it comprises almost no subjective or phylo- 
genetic distinctions. The principal subdivision of the vegetable king- 
dom is into terrestrial, aquatic, and non-vascular plants, and the total 


if st6 5 se i iologisk lantegeografi, Bot. Tidssk 

2 kiar, C., Om Bladstérrelsens Anvendelse i den biologi ke P 2 
Bess cach 1916.—Translation by G. D. Fuller and A. L. Bakke in The Plant World 21: 25-37, 
SS vicyios Norman, Flora of the vicinity of New York, a contribution to plant geography, 


i 2) k, 1915. 
Mem. New York Bot. Gard., v. vi +683 p. New York, 
’Drude, Oscar, Die Okologie der Pflanzen, 308 p., 80 figs., Braunschweig, 1913. 
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number of growth-forms recognized is 55. The number of growth- 
forms apportioned to each of the various classes of plants is shown 
by the following table: 


I. Terrestrial plants (88): II. Aquatic plants (6): 
Difaecben eat cael aes nae ~ 1b Amphibious... 12 2:0 acter 3 
Shaul gee Wee itera aig sts eae tape 9 Submerged:.s....26 soe eee 2 
ClmbDErs sone ele eae ee hoe 4 Floating: 0 scene eet ee 1 
Parasites and saprophytes...... 9.| Ill. Non-vaseular plants7-c. cess see ne 11 
GASSES: Al neeis cc pieenuleriaae eae 3 
SUCCUentS Sete srerscas eee eononensr te 3 
Smallisperenmialstey qcse sere ate a 
AMMA Sis rates aehei Hastie ee ieke Ctreier 3 


~) The importance for us of a carefully elaborated and natural system 
of growth-forms such as that of Drude lies not so much in its details 
as in the criteria on which it is based. Some of the gross anatomical 
or physiognomic criteria are of profound and obvious physiological 
importance, such as the major distinction between terrestrial and 
aquatic plants, the distinction between perennials and annuals, and 
that between succulent and non-succulent forms. Other criteria are 
of known physiological importance, such as the distinction between 
saprophytic, parasitic, and autonomous plants, or between the decidu- 
ous and perennial habits of leaves. When, however, we approach such 
distinctions as those between broad and narrow leaves, between pov- 
erty and richness of branching, and between the possession of rhi- 
zomes and that of bulbs, we are on extremely controversial ground. 
There is much evidence to indicate that the form and size of leaves 
has been overestimated as a criterion of importance in the ecological 
classification of plants. Paleobotanical evidence shows that many 
unusual forms of leaf, such as those of Liquidambar, Platanus, and 
Artocarpus, have persisted through long periods of time. The fact 
that these trees have undergone extensive migrations and recessions, 
undoubtedly encountering substantial changes of environment, affords 
some basis for a belief that leaf-form is often as conservative as the 
structure of the floral organs'. The importance of mere leaf-size in 
relation to water-loss has also been overestimated, as it has been shown 
that the transpiring power of a leaf bears no invariable relation to its 
size. This explains the existence, side by side in the deserts of southern 
Arizona, of such plants as Franseria ambrosioides, with leaves from 25 
to 40 sq. cm. in area, and such plants as Hymenoclea monogyra and 
Baccharis emoryt, with leaves from 1 to 2 sq. em. in area; or the con- 
comitant occurrence, in relatively dry habitats in the mountains of 
Jamaica, of Bocconia frutescens, with leaves often 200 sq. em. in area, 
-and Micromeria obovata, with leaves less than 0.25 em. in area. 


1For a discussion of this topic from the paleobotanical standpoint, see: Berry, Edward W., The 
Lower Eocene Floras of Southeastern North America, U. S. Geol. Surv., Professional Paper 91, 
351 p., 1916 (p. 73). 
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The nature of the growth-forms recognized by Drude has been 
examined with a view to determining what features of plant structure 
have been used by him as criteria for his subdivisions. The chief of 
these criteria are listed in table 1, together with the divisions based 
upon these criteria, and the environmental conditions to which these 
features seem, in the present state of our knowledge, to be most closely 
related. An examination of this table will show that Drude has used, 
in the main, criteria to which a definite physiological importance can 
be attached, or to which, in some cases, several lines of importance can 
be ascribed. The definitions which Drude has given some of his 
growth-forms employ the words “dicotyledonous” and ‘““monocotyl- 
edonous.” It is difficult to decide whether these words indicate a 
recognition of phylogenetic divisions or whether they are used as a 
brief and convenient means of distinguishing types of stem, of leaf, and 
of branching, which may have a physiological as well as a phylogenetic 
significance. 


TaBLE 1.—Analysis of the criteria used by Drude in distinguishing growth-forms. 


Environmental conditions to which it is 


Criterion and subdivisions based upon it. 


related. 


SiVAS8 SU SES ASS ao): eee ee 

Length of life: Perennial (or biennial); an- 
nual. 

Status: Autonomous; climbing; epiphytic; 
parasitic, saprophytic (?). 


General favorableness of all conditions. 
General favorableness of all conditions. 


Source of food materials. Ratio of material 
expended in mechanical tissues to extent 
of leaf surface. 

Ratio of material expended in mechanical 


Stem: Caulescent; acaulescent.............. 
tissues to extent of leaf surface. Exposure 
to atmospheric factors. 

Ratio of material expended in mechanical 
tissues to extent of leaf surface. Exposure 
to atmospheric factors. 

General favorableness of all conditions. 
sonal incidence of water-supply. 

General water-relations. 

General water-relations (phylogeny). 

Seasonal distribution of rainfall. 

General water and temperature conditions 
(phylogeny). 

General water and light conditions. 


Habit of stem: Erect; procumbent.......... 


Type of stem: Woody; succulent; herbaceous Sea- 
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Shape of leaf: Broad; needle-like............ 

Type of leaf: Deciduous; perennial.......... 

Branching: Absent (palms); poor (screw- 
pines) ; rich (polster plants). 

Arrangement of foliage: Generalized; uni- 
centric. 

Type of subterranean organs: Rhizome; 
woody root; bulb. 


Incidence and duration of cold or dry seasons. 


We are here brought to face the difficult question as to whether the 
distinction between the dicotyledonous and monocotyledonous types 
of stem should be maintained in a classification of this kind. Is the 
distinction to be regarded as a purely phylogenetic one, or is there 
sufficient difference between the physiological efficiency of these very 
dissimilar organs of conduction and leaf dispiay to warrant separating 
them? A similar question is raised as to the physiological importance 
of the parallel-veined and net-veined condition of leaves. Again, 
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should the unicentric foliage of a Yucca be distinguished from the 
similar leaf arrangement of Echeveria, in which the leaves are separated 
by internodes? Should the sessile foliage of Agave be regarded as per- 
forming its functions in precisely the same manner as the similar leaf- 
rosette of Aloe, which is raised well above the ground on a stout stem? 
It is only to future investigations that we can look for knowledge that 
will enable us to draw a line between the structural features that are of 
physiological or ecological importance and those that are due to what 
we might designate as evolutionary inertia. It is still impossible for us 
to distinguish between structures that are vestigial, in the sense that 
they no longer perform an office that they were able to perform in the 
early history of their race, and structures or structural features that 
arose fortuitously and never served a vital function, at the same time 
that they were not of such a nature as to be eliminated by selection. 

It does not require an examination of the physiological significance 
of the criteria used in any of the classifications of growth-forms to 
discover the fact that the water-relations of plants have done far more 
to influence their external form than have any other set of relations 
to environmental conditions. Anyone familiar with the cultivation 
of plants could predict with great certainty the relative water require- 
ments of Parosela spinosa, a hoary, small-leaved tree of the Colorado 
Desert, and such a tree as the red maple. It is not an invariable rule, - 
however, that the water requirements are obvious, as witness the close 
similarity of Baccharis scoparia of the Jamaican mountains and Bac- 
charts emoryt of the Colorado Desert, or the general similarity of the 
grasses of dunes and swamps. The water requirements of a plant may, 
however, be much more commonly read from its outward form than 
may its temperature requirements. There is nothing, for example, in 
the appearance of Pinus divaricata and Pinus caribea to indicate that 
the former grows in the cold taiga of Canada and the latter in the West 
Indian Islands and Florida. 

Schimper recognized the importance of giving equal weight to the 
water and temperature requirements of plants in grouping them for 
ecological purposes. He accordingly divided each of the general classes 
of plants which are recognized on a basis of their water-relations— 
xerophytes, mesophytes, and hydrophytes—into three classes based 
on temperature requirements—microtherms, mesotherms, and mega- 
therms. In this manner nine categories were secured, in which it was 
possible to place plants only after securing some knowledge of their 
habitat requirements. 

The only logical basis on which we can proceed to a classification of 
the vegetation of the world is one in which we take account of the 
nature of the vegetation itself, and give no weight whatever to any of 
the natural conditions or circumstances by which vegetation is affected. 
It is for this reason that importance attaches to the study of growth- 
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forms. If we wish to understand vegetation we must understand the 
individual species of which it is composed. If we wish to understand 
the relation of each plant species to its environment we must under- 
stand the nature of its functions and the character and réle of each of 
the organs through which they are carried on. Whatever features of 
the gross anatomy of plants may be discovered to have no apparent 
importance in any aspect of their adjustment to environment will have 
no place in shaping our ultimate system of growth-forms. Progress 
toward such an ultimate system is beset by two dangers: that which 
would lead us to be satisfied with a system which is too simple, and 
that which would lead us to adopt a system in which anatomical 
features of questionable importance would be recognized along with 
those of demonstrated importance. 

Vegetational units have been grouped or classified by various 
workers according to the nature of the habitats in which they are found, 
according to their floristic make-up, and according to their successional 
relation to one another. A large body of work has been done by these 
methods, giving us a substantial part of our knowledge of the vegeta- 
tion of the globe. The only one of these methods which is purely 
vegetational is the last. If it were possible to demonstrate changes 
of vegetation in a state of nature which were not accompanied by 
changes of environmental conditions, it would indeed be necessary to 
give strict attention to the stages of succession in making any attempt 
to correlate vegetation and conditions. If it were true that identical 
conditions might sometimes present different vegetations, our problem 
of correlation would be made still more complicated than it already is. 
It has been amply shown, however, that successional changes of vege- 
tation are both preceded by and accompanied by changes of environ- 
ment. The well-known work of Cowles has shown the importance of 
the changes of soil-moisture which accompany physiographic develop- 
ment, and the work of Fuller, of Gates, of Weaver, and of Cooper 
has shown the importance of other conditions of both soil and atmos- 
phere. In addition to the physiographically initiated changes in the 
environment are those initiated by the vegetation itself, supplying 
conditions favorable for invasion by a new group of species. Although 
a large amount of work has been done in describing successions and in 
relating successional stages to each other, it is only recently that the 
workers just cited have made a beginning in the investigation of the 
physical conditions which underlie the separate stages. As soon as we 
begin to study the relation of physical conditions to successional 
stages, the relation of these stages to each other sinks to a position of 
minor importance, and our work emerges upon the broad field of 

ional plant geography. 
Bre etetections of ae present knowledge of the physiology of 
plants and the consequent imperfections of our system of growth- 
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forms are carried on into our classification of vegetation. The fact 
that the water-relations of plants are more easily known from external 
criteria, and the fact that they have been more thoroughly investigated, 
have not only influenced our prevailing system of growth-forms, but 
have determined the nature of our vegetational units. 

The classification of growth-forms and the classification of vege- 
tation are like all other scientific efforts to reduce natural phenomena 
to a logical system, in that the classification possesses its chief value 
ag a concise expression of the results of research. A classification of 
growth-forms which had been highly perfected by our present methods 
and knowledge would still be roughly made from the point of view of 
the ecologist and physiologist of tomorrow. It is perhaps idealistic, 
and is surely premature, to hope that we may one day have an eco- 
logical classification of the vegetable kingdom on a physiological 
basis. Such a classification will merely be the perfecting of the begin- 
ning which has been made by Drude and his predecessors. It will not 
be possible without a great deal of physiological work that is not yet 
so much as planned, and it will not be of more than academic interest 
unless it is constructed from a broad ecological point of view. 


V. PLANT COMMUNITIES. 


The study of vegetation is essentially a study of plants which are 
growing together in a state of nature, it is an investigation of all the 
phenomena which these plants exhibit as an aggregation, as dis- 
tinguished from the behavior of any one of them when considered 
alone. The natural assemblages of plants which characterize given 
areas have been assiduously studied by a very large number of workers 
in all portions of the world. The contrast between the small aggre- 
gations of local character, the larger ones of more general occurrence 
and the still larger ones of very wide distribution has given rise to the 
recognition of various ranks of aggregation or association and to the 
study of the relationship existing between aggregations of different 
rank. By common consent among plant geographers and ecologists 
the term “community” has been adopted as a general designation for 
any assemblage of plants regardless of its rank in the formal schemes 
of classification. 

In our work with the vegetation of the United States we have had 
to do with the climatic conditions influencing certain of the plant 
communities, and we have been under the necessity of deciding upon 
the criteria to be used in differentiating the communities, as well as 
under the need of disregarding, for our immediate purpose, certain 
other communities which stand in definite relation to climatic con- 
ditions, as well as the communities which are affected by climate 
chiefly through the medium of the soil. We have, perhaps, been some- 
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see informal in our handling of this eminently formal subject, upon 
which so much has been written and so much has been enacted by 
botanical congresses. 

As already intimated, the study of vegetation has resulted in the 
recognition of different degrees of communal existence among plants. 
These degrees have been designated by names, among which may be 
found the words formation, region, zone, society, association, district, 
consocies, group, belt, strip, and a score of others. Scarcely any two 
workers have used the same term in precisely the same sense, and few 
of the workers have defined their terms in such a manner as to enable 
a botanist to recognize one of the communities in case he should find 
himself in its midst. There has been an organized effort in recent 
years to secure a general and international agreement regarding the 
classification and nomenclature of plant communities. The extensive 
areas such as the sagebrush plains of the Great Basin, the grasslands 
of Nebraska and Kansas, or the pine forests of the Atlantic Coastal 
Plain are designated as formations. The smaller and less markedly 
differentiated areas within a formation are designated as associations, 
as, for example, the forests of shortleaf pine in New Jersey, those of 
loblolly pine in Maryland and Virginia, and those of longleaf pine in 
the Gulf States, all lying within the Coastal Plain formation. The 
smallest units of vegetation are termed societies, and these are of small 
area and represent portions of the association in which a definite 
aggregation of species is to be found. 

This classification of communities is simple and natural and has 
much to commend it for general use in describing vegetation. It is to 
be noted that, just as the formation is defined in terms of growth- 
forms which are found to be most common and characteristic in that 
community, so the association is defined partly in terms of the growth- 

forms present and partly in terms of species, while the society is 
defined chiefly by the species which it contains. 

The most important criterion to be employed in the distinguishing 
of communities is always the kind or kinds of growth-forms which are 
present, and this is a criterion which can be used for societies as well 
as for formations. A community may present a single growth-form, 
represented by a single species or by a group of species, as is true of 
many saline marshes and of very many forest areas, It may present 
an intermingling of two or three growth-forms, as 1s true of those saline 
marshes that contain grasses, the succulent Salvcorma and the large- 
leaved Statice. In certain localities there occur communities which 
are made up of a very large number of growth-forms, as, for example, 
in the Karroo Desert of South Africa and in the deserts of Tehuacan, 
Mexico. 

Communities may be of such a character as to contain only plants 
of a single order of size, as the short-grass prairies of Nebraska, or they 
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may contain individuals of a particular height, together with other 
smaller individuals, as is true of the fresh-water marshes of the tribu- 
taries of Chesapeake Bay. By far the most common condition is that 
in which several successive stages of height are found together, so that 
the vegetation is said to possess a stratification with respect to the 
foliage of the plants concerned. This is found in every forest and 
reaches a splendid climax in the tropical rain-forests. In the com- 
munities which possess several strata of plants, the highest one has 
been designated the “facies,” but its members will here be alluded 
to as the “major” plants of the community and the several lower 
strata as the “minor” plants. 

A further salient feature of communities depends upon whether the 
plants cover the ground closely or stand in an open formation. We 
may discover open or closed communities among plants of every 
stature, from the smallest grasses to trees of a height of 50 or 60 feet. 
The greatest density of stand is reached by trees only under conditions 
which favor the attainment of a greater size than this. In open com- 
munities there may be plants of different heights, but in such cases the 
low plants are not dependent on the large plants for the conditions 
which render their existence possible. Even in open communities 
there may be a certain degree of stratification under the largest in- 
dividuals as is observable in southern Arizona, where many small 
annuals occur abundantly beneath the trees as well as away from them. 

Last among the criteria of the community is the number of species 
comprised init. Even if there is a uniformity of growth-form through- 
out the community, there is importance, from our standpoint, in know- 
ing whether this uniformity is caused by the existence of a single 
species or of many. It is customary to designate the species which is 
most common in a community as the “dominant”’ one and the other 
species as ‘‘subordinate.”’ 

The salient features by which we distinguish types of vegetation 
are, then, to sum up: the growth-forms involved, the presence of one 
or many strata of plants, the open or closed condition, and the degree 
of simplicity or complexity of the specific content. These are all 
features which must be looked upon as products of the environmental 
conditions just as truly as are any of the structures or physiological 
reactions of the individual plants themselves. The presence of a single 
growth-form or of many, the existence of a low carpet of plants or of a 
lofty forest, the openness or density, and the dominance of a single 
species or the successful association of many, are all features which are 
determned by the environmental complex just as truly as is the rate of 
growth or that of photosynthesis for an individual plant or species. 

The only other criteria that have been used in defining communities 
are the physical nature of the habitat and the specific identity of the 
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plants concerned, each of which has been sufficiently discussed to 
indicate that they are counter to our purpose. 

In making a general study of the relation of climate to vegetation 
for as large an area as the United States, it has been necessary for us 
to disregard the small communities which are unlike the general vege- 
tation of the surrounding region, such as the local prairies of Arkansas 
and Mississippi and the bands of trees that border the rivers of the 
western plains. These require special treatment, in which soil condi- 
tions can be given a thorough investigation. It has also been neces- 
sary for us to leave out of reckoning all of the minor plants in the 
stratified communities, inasmuch as the conditions under which they 
live are unlike those for the major plants. The climatic conditions 
under which the major plants exist are modified by them in such a 
manner as frequently to give the minor plants a very different environ- 
mental complex. 

By means of these omissions we have done a great deal to simplify 
our problem from the standpoint of the demarcation of vegetational 
areas. It has been desirable, furthermore, to consider only the most 
general features of the vegetation, because we have only very general 
data as to the distribution of the climatic factors. The subsidiary 
communities of every region are so largely controlled through the soil 
conditions that it would have carried us beyond our investigation of 
climatic controls to have entered upon a consideration of them. 

The statement that the occurrence and geographical range of all 
plant communities is controlled by the physical, and rarely the chemi- 
cal, characteristics of the environment is almost axiomatic. The 
operation of these controls has been observed from time immemorial 
by men of no technical training but of keen powers of observation, and 
the knowledge of them has become more exact among the practical 
pioneers in the agriculture and forestry of many lands where the 
natural vegetation has been used as an index of the cultural capabili- 
ties of given situations. Any skepticism regarding the physical con- 
trol of communities would be dissipated by an extended course of 
travel in diversified regions, or equally well by a careful reading of 
Schimper’s Plant Geography, t6 say nothing of an examination of the 
many scattered papers which give proofs in regard to particular 
j of such control. 
ae oN in brief, put it down as a law of plant geography that the 
existence, limits, and movements of plant communities are controlled 
by physical conditions. The conditions that control the movements 
of the community are those of the soil; the conditions that control ae 
broader geographical limits are almost solely those of the climate. T ; 
existence of the community and the extent of the area occupied are, 0 
course, controlled by conditions of both soil and climate. 
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VI. DELIMITATION OF VEGETATIONAL AREAS. 


The botanical areas that have formed a basis for the correlations 
discussed in the following pages have been outlined in such manner as 
to show either the distribution of particular types of vegetation or 
else the ranges of individual species or groups of species. The deter- 
mining of the distributional area of a given species is a relatively simple 
matter, depending for its accuracy only on the exploration that has 
been carried out and the records of occurrence that are available. 
The delimitation of vegetational areas, however, demands a careful 
scrutiny of criteria and methods such as we have attempted to give 
above. We have endeavored primarily to classify and map the vege- 
tation of the United States upon a basis which is purely vegetational, 
without regard to floristics, climate, topography, or other features, 
however closely these may seem to be associated with the vegetation. 

The effort to observe this requirement, for the sake of the logical 
soundness of our work, is nevertheless far from removing all of the 
difficulties which beset an attempt to classify and map the vegetation 
of a large area. It is difficult for the worker to avoid a subjective 
treatment of his material and to escape the bias which his own particu- 
lar experiences or field of observation may have given him. A more 
tangible set of difficulties arises in deciding where to draw the lines 
of demarcation in subdividing a set of intergrading vegetations, and 
where, on the map, to place the lines of separation between vegeta- 
tions that merge into each other over areas of great extent. This 
difficulty has been met by drawing lines on the chart through all 
transitional regions, these lines being so drawn as to be regarded as 
connecting the points that exhibit the same stage in transition, after 
the manner of isotherms and other isoclimatic lines. 

After a series of vegetational areas has been distinguished and 
delimited, and each has possibly been subdivided, we must refrain 
from regarding these divisions or subdivisions as of coordinate value, 
for there is no means of putting the degree of their relationship to a 
test. The subdivisions of the forest areas and those of the desert areas 
appear, on the printed page, to be of the same rank in classification, 
but we have no actual knowledge upon which we can base such a 
supposition. 

We have already seen that the features of outward configuration 
which are considered in distinguishing growth-forms have to do, to 
a predominant extent, with the water-relations of plants. When we 
examine into the other features which we use in distinguishing vegeta- 
tions, such as the height of the dominant plants, the density of stand, 
and the simplicity or complexity of the stand, we are impressed with 
the fact that these features stand also in dependence upon water- 
relations. 
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These considerations force us to realize that the most commonly 
used and most natural subdivisions of vegetation are based upon cri- 
teria which have to do with the relations of the communities to water- 
supply and water-loss. It is quite true that the water-relations of 
plants have more to do with the control of the local and general dis- 
tribution of vegetation than have any other conditions. This is not 
true-of the local and general distribution of the species themselves, for 
we here find temperature relations playing a strong réle. For the pur- 
poses of our investigation into the correlations existing between vege- 
tation and climate it is therefore significant that we are under the 
necessity of using a classification of vegetation which rests so largely 
upon a basis of the water-relations of plants. We might foresee from 
this fact that strong correlations would be discovered between vegeta- 
tion and water conditions and weak correlations between vegetation 
and temperature conditions. 

In spite of the efforts of Schimper and of others to give the tempera- 
ture-relations of plants a place in vegetational distinctions, by the 
recognition of microtherms, mesotherms, and megatherms, we are as 
yet unable to place a given species in its proper thermal category with- 
out possessing facts which are still lacking for all but a very few plants. 
We can not tell a megathermous plant from a microthermous plant 
when we see them growing side by side, and it follows that we can not 
go into the field in Georgia or Texas and pick out the plants in each 
habitat which have great or small temperature requirements, as we 
can rather satisfactorily distinguish those of great or small water 
requirement. These categories are consequently of no present use in 
delimiting vegetational areas. ; 

The system of life-zones which was worked out by Merriam’ for the 
United States, and has been elaborated by members of the United 
States Biological Survey, constitutes an effort to delimit biological 
areas primarily with respect to the influence of temperature. With 
such a classification of biological areas in hand it is not possible, how- 
ever, to make an impartial effort to determine which of several climatic 
factors is primarily concerned in conditioning the existence and limits 
of the areas. This attempt would indicate a very close correlation of 
biological areas and certain temperature conditions, because the 
climatic maps showing these temperature conditions were used as a 
basis in the original form of the life-zone map. 

If we were to make a map of the mean rainfall of the growing-season 
in the United States it would be found to possess certain isohyetal 
lines which corresponded closely with the distribution of certain plants 
or vegetations. If we were, then, to modify the rainfall map in slight 


ic distribution of terrestrial 
Z i . Laws of temperature control of the geographic distri 
agate ae Se Coe Re 6: 229-238, 3 maps, 1894.—Life zones and crop zones of 
the United States. U.S. Dept. Agric., Biol. Surv. Bull. 10, 1898. 
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particulars so as to make it conform more closely to the distribution 
of vegetation, using vegetation rather than additional rainfall data as 
a basis, we would secure a map of great interest and value as a delinea- 
tion of the vegetation of the United States. This map would be of no 
value for a correlational study, however, since it would be in inherent 
and foreseeable agreement with the map of mean rainfall of the growing 
season, which is very similar to all other maps of moisture conditions. 
The drawing of this map would resemble in all particulars the con- 
struction of the life-zone map of the United States, both with respect 
to the manner in which it was made and with regard to its unsuita- 
bility for our purposes. 

It may also be emphasized in this connection that, although the 
temperature conditions and the moisture conditions of climate are con- 
sidered as distinct in analytical studies, yet they are not truly inde- 
pendent of each other. Since evaporation and precipitation are so 
largely influenced by temperature, neither the chart of rainfall nor 
that of temperature is wholly without indications of the influence of 
one condition upon the other. It frequently happens, for example, 
that a region of low temperature is one of high soil-moisture content, 
low evaporation, etc. These considerations will receive more attention 
in Part IT. 


DISTRIBUTION OF VEGETATION IN THE UNITED STATES. 


I. METHODS USED IN SECURING AND PRESENTING THE 
DISTRIBUTIONAL DATA. 


The botanical data on which we have based the correlations that 
are to be discussed in the succeeding pages are presented in carto- 
graphic form in plates 1 to 33. A detailed map of the vegetation of 
the United States (plate 1) has been executed as a basis for our cor- 
relations of climate with the vegetational areas of the country as a 
whole.’ The features of the map will be discussed in a succeeding sec- 
tion, together with a general account of the vegetation of the 18 sub- 
divisions which it recognizes. This map is of very uneven merit for 
the different parts of the United States, owing to the fact that there 
is an abundance of literature for certain portions of the country, while 
there are very few descriptive treatments or maps of the vegetation for 
other portions. As it stands, however, this map is somewhat too 
detailed for use in correlation with the climatological data that we have 
been able to secure. For this reason we have deemed it desirable to 
make a generalized map based upon the detailed one (plate 2). The 
latter contains 18 vegetational areas, whereas in the former the number 
has been reduced to 9 by a combination of the areas which are most 
similar in character. Even after this is done there are some of the 
vegetational areas of the United States for which we have only a very 
small number of climatological stations. 

In order to investigate the correlations between climatic conditions 
and the distribution of certain common growth-forms, a series of 7 
maps has been drawn, showing the cumulative occurrence of these 
forms (plates 3 to 9). The maps have been prepared by the method 
used by Transeau in his investigation of the forest-centers of the 
eastern United States.? It consists merely in indicating on a single map 
the distributional limits of all of the plants involved. The area in 
which all of them are found together represents the region of maximum 
development of the particular group which has been selected. In some 
cases these maps have been drawn for all of the species of a particular 
growth-form, whereas in other cases they have been drawn for a repre- 
sentative group of the most common species of a particular growth- 
form. These maps are of value, not only in showing the center of 
development of a particular form or group of species and in showing 
the extreme limits of the form, but also in showing the manner in 
which the abundance of the given form shades off in different direc- 


tions from the center. 


iShreve, Forrest, A map of the vegetation of the United States, Geographical Rey. 3: 119- 
125. With map. 1917. This map is reproduced here as our plate ihe. ee se $ 
2Transeau, E. N., Forest Centers of Eastern America, Am. Nat., 39: 875-889. 1905. 
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Three maps have algo been prepared showing the ecological dis- 
tribution of individual species of plants (plates 8, 9, 10). On these 
maps an effort is made to show the features of distribution in such a 
way as to indicate the regions: of greatest abundance and greatest 
catholicity of habitat, the regions of frequent occurrence, the regions 
of rare occurrence, and the extreme geographical limits of the species. 
Maps of this character afford a picture of the distribution of a single 
species which is similar to the picture afforded by the maps of cumu- 
lative distribution of groups of related growth-forms. 

As a basis for the correlation of climatic conditions with the ranges 
of individual species, 70 plants were selected, the distributional areas 
of which are shown by groups on plates 13 to 33. Some of the species 
selected for this purpose were chosen because they are common and 
dominant elements in important vegetations of wide extent. Others 
were selected because their geographical ranges seem to be typical of 
those exhibited by a large number of species. Certain other species 
were selected because of the interest which attaches, from our point 
of view, to the character and particular direction of their distribution. 
Several of these plants extend across the continent from the Atlantic 
to the Pacific, either in the northern or in the southern part of the 
United States, in such a manner that they cross the principal boun- 
daries between vegetational areas. Distributions of this character 
seem to indicate that the plants in question are probably controlled by 
temperature conditions rather than moisture conditions. Several 
plants of this character and of more limited range were selected, be- 
cause they are commonly found in swamps or marshes and may there- 
fore be thought of as growing through a wide range of atmospheric 
conditions, at the same time that they are subjected to a relatively 
uniform set of soil-moisture conditions. It is to be anticipated that 
plants of this character differ markedly in their distribution from those 
whose range is greatly influenced by soil-water conditions. 

The construction of the vegetational maps has involved the examina- 
tion of a large body of ecological, floristic, and geographical literature. 
It was originally our plan to publish a complete list of the sources that 
were used in the compilation of these maps, but the appearance of 
Harshberger’s Phytogeographic Survey of North America has since 
made it superfluous to do so, inasmuch as this author has given a very 
thorough bibliography of the literature of American vegetation, in- 
cluding nearly all of the publications that we have used.! 

In the construction of the maps of vegetation we have been heavily 
indebted to the maps published by the United States Forest Service, 
to the maps of grazing-lands published by the United States Bureau 
of Plant Industry, and to the detailed maps which have been published 


'Harshberger, J. W., Phytogeographic survey of North America, Die Vegetation der Erde, 
13: 863 p., 32 figs., 18 pls., 1 map, Leipzig, 1911. 
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for several States. We have not only drawn upon ecological literature 
and the publications of the United States Geological Survey, but have 
been greatly aided by consultation of the photographic illustrations in 
numerous works of a non-botanical character, and we are particularly 
indebted to many of our colleagues, who have generously given us the 
information at their disposal. 

In the preparation of the maps showing the cumulative distribution 
of growth-forms and the distribution of individual species we have used 
all of the manuals, floras, and local lists that it was possible to secure. 
We have not consulted the specimens that are to be found in any of 
the large herbaria, but have depended solely upon published statements 
of occurrence. We have done this because it is so frequently possible 
to secure, in ecological literature or in the publications of the United 
States Biological Survey, statements regarding the ranges of plants 
which would in all probability be represented in the herbaria by only 
a few collections, on the labels of which the information regarding the 
ecological occurrence would be extremely meager. 

Some of the ranges of individual species are naturally outlined much 
more accurately than others. The distribution of trees is in general 
much better known that that of herbaceous plants, and the distribu- 
tion of grasses is better known than that of plants whose economic 
importance is not so great. Some of the ranges exhibited in our maps 
have been based on extremely few stations, as is true particularly of 
such plants as Flerkea occidentalis and Trautvettertia grandis. It may 
be taken for granted that all of our distributional areas which are 
represented by smooth and wide-sweeping lines are in general based 
upon less precise information than are the areas limited by very sinu- 
ous lines. The limitations of our method of mapping have required 
that the range of numerous mountain plants occurring in the Western 
States be exhibited by passing a bounding-line around the entire region 
in which they are found locally at their appropriate elevations. In 
similar manner several of the aquatic and palustrine plants have been 
plotted as if growing continuously throughout extensive stretches of 
country in which they are really of very local occurrence. This is 
notably true for Sium cicutefolium and for Cephalanthus occidentalis, 
which is not actually known in New Mexico and is very uncommon in 
Arizona, although it reappears in great abundance in interior Cali- 
fornia. The scale of our maps has made it necessary to include in the 
ranges of very many of our plants certain extreme coastal locations 
in which they are actually absent. This matter is mentioned only 
because several important climatological stations are located on the 
coast in areas which differ very markedly from the adjacent mainland 
in the character of their vegetation. This is true of Key West, Cape 
Hatteras, and Point Flattery. Further details regarding the vege- 
tational maps will be given in the succeeding pages. 
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II. LEADING VEGETATION TYPES OF THE UNITED STATES AND 
THEIR GEOGRAPHICAL AREAS. 


In subdividing the vegetation of the United States we have used 
primarily the old distinction of desert, grassland, and forest. The 
distinguishing of these formations involves practically all of the criteria 
that have been discussed in previous pages. Our ultimate units have 
resulted from a subdivision of the desert and the forest, but we have 
not attempted to subdivide the grassland, partly because of lack of 
descriptive literature for all parts of the grassland region, and partly 
because of the extreme complexity exhibited by this region, particu- 
larly in its central portion. 

The desert areas have fallen into two groups which may be designated 
as Continental Desert and Coastal Desert. The latter include the 
semidesert regions of coastal California and of extreme southern Texas, 
each of them regions in which truly desert areas are found together 
with areas which scarcely merit this designation. The Continental 
Desert falls naturally into two regions, one of which is dominated by 
sclerophyllous shrubs and the other by a mixture of such shrubs and 
succulent or semisucculent plants. The sclerophyllous desert has been 
subdivided into the Great Basin Desert and the California Desert, 
while the succulent desert has been subdivided into the Arizona and 
Texas areas. The two bodies of sclerophyllous desert are adjacent and 
merge into each other, whereas the succulent deserts are separated by 
regions of dissimilar character. 

The Grassland area is bordered on the southwest by the Desert- 
Grassland Transition and on the east by the Grassland-Deciduous 
Forest Transition. 

The forested portion of the United States has been subdivided into 
the Deciduous Forest and 4 areas of Evergreen Needle-Leaved Forest. 
Two of these evergreen-forest areas are mesophytic in character, one 
of them xerophytic, and one of them hygrophytic. We have included 
in the Northern Mesophytic Evergreen Forest all of the needle-leaved 
forests of the northeastern States as well as of the Rocky Mountain 
and Pacific regions, with the exception of the extreme Northwest. 
Although this large forest region exhibits marked differences in its 
floristic make-up and in minor features of its physiognomy and 
ecological characteristics, there are nevertheless more reasons for 
maintaining it as a single area than for separating it into minor sub- 
divisions, so far as the purposes of our work are concerned. The 
Southeastern Mesophytic Evergreen Forest, the Western Xerophytic 
Forest, and the Northwestern Hygrophytic Evergreen Forest are all 
regions of distinctive character which are neither similar to the 
Northern Mesophytic Evergreen Forest nor to each other. Two 
transitional areas have also been outlined, connecting the Deciduous 
Forest with the Evergreen Forests to the north and to the south of it. 
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We have also recognized as alpine summits all of the areas lying | 
above timber-line, and as Swamps and Marshes the areas with saturated 
soil in the Atlantic Coastal Plain. 

In selecting names for the vegetational areas thus distinguished we 
have felt it desirable to use designations which have to do with the 
ecological character of the plants found in these areas. We have 
avoided the use of such words as coniferous, which alludes to a mor- 
phological feature, and have also avoided using any designations which 
would imply that the vegetation of a particular area is controlled by a 
particular physical condition, as, for example, the use of such terms 
as “monsoon forest”’ or ‘‘pinelands of the odlitic limestone.”’ We are 
well aware that the names that we have used are neither brief nor 
convenient, but they have been selected with the cautions that have 
been mentioned, for purposes of ecological consistency. 

An effort has been made to draw all of the vegetational boundaries 
on the map shown as plate 1 with relation to the original plant covering. 
This primeval condition has been so greatly disturbed over large 
portions of the country, particularly in the Northeast, that it is now 
very difficult to be certain as to the limits between the virgin forest 
formations. Our map is therefore undoubtedly much less accurate 
for the northeastern portion of the United States than it is for the 
Western States, in which the vegetational differences are more marked, 
the country is less disturbed by human activities, and the published 
ecological descriptions of vegetation are much fuller and more accurate. 

The following paragraphs serve to give a brief characterization of 
each of the vegetational areas found in our detailed map, plate 1: 

California Microphyll Desert—-The southernmost part of Nevada 
and the interior portion of California form an area in which the vege- 
tation is closely related to that of the Great Basin by reason of the fact 
that the dominant plants in each are microphyllous shrubs. In the 
California Desert the creosote-bush (Covillea tridentata) and the sand- 
bur (Franseria dumosa) are the most common plants and the dominant 
ones over extensive areas. A large number of deciduous shrubs are 
found, large semisucculents occur throughout the more elevated por- 
tions of the desert (Yucca brevifolia, Y. arborescens), and stem-suc- 
culents (Opuntia spp.) are found in small numbers. In both the Great 
Basin and the California deserts the plants which perennate by under- 
ground parts are very rare and grasses are uncommon, while short- 
lived annuals are abundant in the spring months. j 

Great Basin Microphyll Desert—This desert occupies the floor and 
low mountains of the Great Basin from southern W ashington to 
southern Nevada and eastward to Colorado, lying at elevations of 
1,000 to 5,000 feet. Throughout practically the whole of this area 
the vegetation is dominated by a single species, the sagebrush (Arte- 
misia tridentata), a small-leaved evergreen shrub which sometimes 
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occurs in very open stand with a height of a few inches or at other 
times grows so thickly as nearly to cover the ground, reaching a height 
of 4 feet or more. Together with the sagebrush are to be found several 
other microphyllous shrubs of similar size and distribution (Sarco- 
batus vermiculatus, Grayia spinosa, Coleogyne ramosissima, Kunzia 
tridentata, Tetradymia glabrata, etc.). The Great Basin desert is dis- 
tinctively a region of microphyllous shrubs, in which succulent plants 
are rare and confined to the highest mountain-slopes. The simplicity 
of the vegetation and the uniformity in the character of the several 
shrubs which play a secondary réle in it are features very unlike the 
other desert areas about to be described. 

Texas Succulent Desert.—The central valley of the Rio Grande and 
the valley of the Pecos River form a desert area in which extensive 
tracts are dominated by evergreen shrubs in open stand, while other 
areas are chiefly occupied by deciduous shrubbery (Acacia, Flourensia, 
Brayodendron). Large areas are covered by the low leaf-succulent 
lechuguilla (Agave lechuguilla), but not to the exclusion of the shrub- 
bery. Other areas are dominated more conspicuously by the sotol 
(Dasylirion texanum), a plant with perennial foliage and with a store 
of water and reserve materials in its stout stem. Succulents are 
abundantly represented in this desert, but chiefly by small species 
which do not play an important part in the physiognomy of the vege- 
tation. Perennial bunch-grasses are common in certain portions of. 
the Texas Desert, and the number of plants perennial by underground 
succulent or semisucculent parts is larger than in the Arizona Desert. 
This is distinctively a region of leaf-succulents and semisucculents as 
contrasted with the Arizona region of stem-succulents. 

Arizona Succulent Desert—This area comprises the southern por- 
tion of Arizona drained by the Bill Williams and Gila Rivers and 
lying below 4,000 feet. In this desert the vegetation is largely made 
up of microphyllous shrubs, but there is everywhere a rich commingling 
of other types of non-succulent plants and of several types of succu- 
lents. The vegetation is open and low, but of irregular height. The 
sclerophyllous shrubs comprise the evergreen creosote-bush (Covillea 
tridentata), deciduous acacias (Acacia paucispina, A. constricta), and 
bitter bush (Flourensia cernua), the drought-deciduous ocotillo (Fou- 
quieria splendens), several small-leaved or leafless trees and shrubs with 
green bark and stems (Parkinsonia, Canotia, Holacantha, Keberlinia, 
Ephedra), as well as the columnar giant cactus (Carnegiea gigantea) 
and numerous species of flat-jointed and round-jointed cacti (Opuntia). 
This desert is by no means poor in perennial grasses, and the seasonal 
rains are followed by the appearance of carpets of annual grasses and 
other herbaceous plants. The leafy succulents are rare in this desert, 
except at its upper edges around the higher mountains, and the plants 
with subterranean water-storing organs are very infrequent. 
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Texas Semidesert (Mesquital-Grassland Complex).—The valley of 
the Rio Grande below the Balcones Escarpment and the River Neuces 
presents a region in which the deciduous compound-leaved leguminous 
shrubs and trees form the dominant vegetation, interspersed with 
areas of more or less open grassland. The shrubs and trees form a 
more or less closed scrub from 3 to 6 feet high where the shrubs pre- 
dominate and a more open one from 15 to 25 feet high where the trees 
are most abundant. The commonest of the trees is the mesquite 
(Prosopis glandulosa), which has spread somewhat over adjacent 
areas since the advent of the white man. With it the evergreen broad- 
leaved live-oak (Quercus virginiana) is a minor component of the vege- 
tation. In the scrub the dominant species are huisache (Acacia 
farnesiana), guajillo (Acacia berlandierei), and other microphyllous 
forms (Momesia, Parkinsonia, Condalia, Sesban, etc.), while the succu- 
lents are confined to the frequent occurrence of a prickly-pear cactus 
(Opuntia lindheimeri) and a yucca (Yucca treculeana). Ephemeral 
herbaceous plants are also present here. 

Pacific Semidesert (Chaparral-Encinal-Desert Complex).—The Pacific 
semidesert region is best designated thus in spite of the fact that it 
comprises many small areas which are far from being desert. There is 
no other portion of the United States in which such profound differ- 
ences of vegetation exist within such small areas, and in which it would 
be more difficult to map on a small scale the complex allocation of 
these areas. Over the low hills and around the bases of the Coast 
Ranges is to be found chaparral, varying from place to place in height 
and density; in the valleys and on the north faces of some of the hills 
are to be found groves of evergreen or deciduous oaks; while in other 
valleys, particularly the broad valleys of the Sacramento and San 
Joaquin Rivers, and on the interior hills of the Coast Ranges, are to 
be found some of the most truly desert areas in the United States. 
The chaparral is sometimes a very low aggregation of shrubs, or some- 
times reaches a height, of 6 or 7 feet. It is also variable in its density, _ 
but is commonly so close-set that it can be traversed only very slowly. 
It is made up predominantly of evergreen shrubs (AdemoStoma, | 


Arctostaphylos, Heteromeles), but partly of deciduous shrubs “(Ceanox” Wing 4 


thus spp.). The encinal is made up of evergreen Oaks (Quercus agri- 

folia) and deciduous oaks (Q. lobata, Q. wishizent), with the digger | 

pine (Pinus sabiniana) an occasional component of it. In the desert 
of the interior hills and the great valley is to be witnessed a region 
‘almost totally devoid of perennial plants, in which the only cover of 


Desert-Grassland Transition.—This transition region comprises the Uv 
Llano Estacado of Texas and certain plateau lands in Arizona and 
New Mexico above 5,000 feet in elevation. It is a region that is inter- 
mediate in all important respects between the Grasslands to the east 


= 


vegetation is due to the herbaceous annuals that appear in the spring. Ave } 
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and the Desert regions to the west. It is essentially a very open stand 
of perennial grasses, together with the herbaceous annuals or peren- 
nials of the Desert and an extremely scattered stand of succulent or 
semisucculent plants. In the Llano Estacado and in southern New 
Mexico and Arizona the latter group comprises sotol (Dasylirion) and 
bear-grass (Nolina), while farther north in Texas and New Mexico the 
commonest succulent or semisucculent forms are a yucca (Yucca 
glauca) and a round-jointed cactus (Opuntia arborescens). In northern | 
Arizona and northwestern New Mexico there are low, shrubby sages 
(Artemisia), Mormon tea (Ephedra), and other scattered bushes, and 
small cacti (Opuntia hystricina, O. whipplet). Throughout the Transi- 
tion region the grasses are omnipresent, sometimes forming nearly 
as dense a carpet as they do in the Grassland itself. There is a con- 
siderable variety in the grass flora, but the commonest forms are 
species of Bouteloua, Hilaria, Bulbilis, and Aristida. 

Grassland.—The Grassland region extends from central Texas to the 
Canadian boundary, merging on the east into the transition region 
which separates it from the Deciduous Forest, and on the west either 
merging into the Desert-Grassland Transition or else terminating at 
the eastern base of the Rocky Mountains. Smaller detached areas 
of Grassland also surround the northernmost salients of the desert. 

Throughout the Grassland region the vegetation is dominated by a 
more or less continuous cover of perennial grasses—in some localities 
by a dense sod, in others by an open sod, and in still others by an open 
stand of bunch-grasses. The types of grasses which form the grassland 
are varied, both in the region as a whole and in any small portion of it. 
A score of grass species form the great bulk of the vegetation, several 
of them being of very widespread occurrence throughout the region, 
as Bouteloua oligostachya, Bulbilis dactyloides, Keleria cristata, and 
species of Andropogon, while others are confined to different portions 
of the area or to particular soils, as the species of Hilaria in Texas, 
the species of Sporobolus and Stipa in Kansas and Nebraska, and the 
species of Agropyron in the northwestern part of the area. In addition 
to the score of commonest species, there are a hundred or more that are 
either frequent over large areas or common over smaller portions of the 
area. From a floristic standpoint the Grassland presents two grada- 
tions, one encountered in going from the eastern edge toward the 
Rocky Mountains, the other encountered in going from south to north 
through its entire length of over 1,200 miles. From a vegetational 
standpoint, however, this is alla region of great uniformity. Its prin- 
cipal variations are in the relative density or openness of the eTassy 
cover, in the character of the areas in which grasses are sparse or absent, 
and in the frequence of plants other than grasses. It may be said, 
in general, that the carpet of grasses is most evenly closed along the 
eastern edge of the area and in the central portion. In central Texas 
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and in the extreme north much of the Grassland is relatively open, 
particularly in the sandhills of Nebraska, where Andropogon scoparius 
is predominant, and in the portions of the region lying in Washington 
and Oregon, where Agropyron spicatum and Poa sandbergii are pre- 
dominant. In the highly eroded “bad lands,” such as occur in southern 
South Dakota, low, shrubby perennials are predominant, as the rabbit- 
brush (Chrysothamnus graveolens), the white “sage” (Hurotia lanata), 
and greasewood (Sarcobatus vermiculatus). Throughout the portion 
of the Grassland which lies nearest the Rocky Mountains there is a 
complicated patchwork of vegetation, in which closed grassland, open 
grassland, and open stands of low bushes, with or without grasses, are 
found to alternate in habitats of different character. The shrubby 
perennials found in such areas are chiefly those which have just been 
mentioned, together with species of true sage (Artemisia tridentata, 
A. frigida). The Grassland is locally invaded by plants of the types 
which are dominant in all of the surrounding regions. In the south- 
western portion of the area arborescent round-jointed cacti (Opuntia 
arborescens) are sporadic, and also yucca (Yucca glauca), which is 
likewise common in the sandhills of Nebraska. Throughout the area 
a low prickly pear (Opuntia missouriensis) is abundant on coarse soil, 
particularly in the Bad Lands. 

In the vicinity of the mountains the Grassland is invaded by shrubs 
(Cercocarpus, Quercus, Symphoricarpus), and in some localities even by 
coniferous trees (Pinus ponderosa), while the bottomlands of the 
rivers are the westernmost localities for many eastern broad-leaved 
deciduous trees. 

In every portion of the Grassland there are to be found very many 
types of low annual or root-perennial plants other than grasses. Among 
these certain composites are perhaps the most abundant, as Grindelia 
squarrosa and Chrysopsis villosa, although there are many plants of 
other types. The seasonal habits of the grasses and of these associated 
non-gramineous plants are such as to give rise to one of the most 
striking characteristics of the Grassland, namely, its different aspect 
in different portions of the growing-season, and the difference in the 
conspicuously predominant plants in different months. 

Grassland-Deciduous Forest Transition.—This is the broadest. and 
most extensive of the transition areas, but is so purely transitional 
in its character that it does not merit recognition on any other basis. 
Its eastern limit has been fixed along the line at which the Deciduous 
Forest ceases to be an unbroken formation and begins to exhibit the 
islands of grassland locally known as “oak openings.’”’ The western 
limit has been placed where timber ceases to occur on the upland. 
The transition area is seen, therefore, to increase in the amount of 
timber found on going east and to increase in the extent of grassland 


exhibited on going west. 
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In the northern part of the Transition belt the commonest trees are 
black oak (Quercus velutina) and bur oak (Q. macrocarpa); in the 
southern part the commonest are post oak (Quercus minor) and 
blackjack (Q. marilandica). The grasses originally most abundant in 
the central part of the belt were Andropogon furcatus, Sorghastrum 
nutans, Andropogon virginicus, and Sporobolus cryptandrus. 

Deciduous Forest—The Deciduous Forest formerly occupied the 
lower elevations of the Northeastern States, the summits and slopes 
of the southern Allegheny Mountains, the Piedmont region, and the 
valleys of the Ohio, Cumberland, and Tennessee Rivers, with exten- 
sions into southern Texas and into northern Michigan and the Dakotas, 
and an attenuated edge that merges into the transition area toward 
the west. There is no one of the vegetational areas of the United 
States that has been more completely and profoundly altered by man 
than has this one. In fact, it is difficult at the present time to secure 
reliable information as to the exact original extent of this type of forest 
in the Northeastern States. The virgin stands of deciduous forest were 
made up solely of deciduous broad-leaved trees over extensive areas, 
and these forests were both dense and of a stature as great as 100 feet, 
or even more. At the western edge of the Deciduous Forest its con- 
tinuity becomes interrupted by open areas, while in the Texan exten- 
sion of it the stand of trees is even, but very open. In all of the moun- 
tainous or hilly portions of the area the needle-leaved evergreens 
frequently become components of the Deciduous Forest, and on steep 
bluffs, rocky slopes, and limestone ledges the needle-leaved trees are 
sometimes predominant. The floor of the Deciduous Forest is some- 
times thickly covered with shrubbery and young trees, or is often open 
and more conspicuously occupied by herbaceous perennials, among 
which the chief vegetative activity takes place in the spring, before 
the complete unfolding of the foliage of the trees. 

The number of tree species participating prominently in the make-up 
of the Deciduous Forest is large, and very many of the commonest 
ones are found almost throughout the area, as the white oak (Quercus 
alba), black oak (Quercus velutina), pignut hickory (Hicoria glabra), 
beech (Fagus ferruginea), and tulip-tree (Liriodendron tulipifera). 
The Appalachian region is the place in which the Deciduous Forest 
reaches its finest development, both in respect of density and stature 
of the stand and with regard to the number of tree species participat- 
ing In its composition. The most common trees of that region are the 
widespread ones which have just been mentioned, and also chestnut 
(Castanea dentata), chestnut oak (Quercus prinus), scarlet oak (Quercus 
coccinea), shagbark hickory (Hicoria ovata), Spanish oak (Quercus 
digitata), sugar maple (Acer saccharum), and red maple (Acer rubrum). 
On passing northward from the center of the Deciduous Forest, the 
number of tree species becomes smaller, as many are left behind and 
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few new ones are met, as birch (Betula lutea) and popular (Populus 
balsamifera). On passing southward, the commonest forms of the 
Alleghenian region are found to be confined to the mountainous dis 
tricts, while their place is taken on the Piedmont and in the Mississippi 
Valley by a still larger group of species, many of which are found not 
only on the upland, but in the half-swampy areas of the level regions. 
Prominent among these trees are Spanish oak (Quercus digitata), 
water oak (Quercus nigra), willow oak (Quercus phellos), black gum 
(Nyssa sylvatica), red gum (Liquidambar styraciflua), and blue-jack oak 
(Quercus brevifolia). 

The most southwesterly portion of the Deciduous Forest in central 
Texas is made up almost solely of post oak (Quercus minor) and black- 
jack oak (Quercus marilandica), while the most northwesterly islands 
of deciduous forest in the Dakotas are made up chiefly of bur oak 
(Quercus macrocarpa). 

Southeastern Evergreen-Deciduous Transition Forest.—This transi- 
tion hes between the coastal Evergreen Forest and the interior Deciduous 
Forest, occupying hilly and broken land, except at the extreme western 
end. Throughout this area there are small bodies of pure evergreen 
needle-leaved forest and other bodies of pure deciduous forest, but the 
vegetation consists in the main of an admixture of the two types of 
trees in such percentages that neither dominates strongly over the 
other. As in all other transition regions, the local conditions of soil 
and topography often determine the precise composition of the forest. 

East of the Mississippi the Evergreen-Deciduous Transition is 
formed chiefly of the loblolly pine and the species of deciduous oaks 
that will be mentioned in connection with the inner portion of the 
Southeastern Evergreen Forest. West of the Mississippi the loblolly 
pine occurs near the Gulf coast and is chiefly replaced by the shortleaf 
pine (Pinus echinata) above the Neches River, while the same species 
of deciduous oaks accompany each of the pines. 

Southeastern Mesophytic Evergreen Forest.—This region stretches 
from Long Island to Louisiana along the Coastal Plain, with an exten- 
sion into peninsular Florida, and with outlying areas in central Ala- 
bama and in Arkansas, Louisiana, and Texas. This area is dominated 
by evergreens, and a secondary réle in the vegetation is played by 
deciduous broad-leaved trees and by evergreen broad-leaved trees. 
The forest stands of this region are nowhere dense in the same sense 
as are some of the evergreen stands of Montana or Maine ; indeed, 
many of the pine stands in all parts of the area, and particularly in 
Florida, are rather open. Some of the heaviest stands are found in 
Louisiana and Texas and the lightest are those of Florida and New 
Jersey. As a rule the pinelands which lie nearest the coast, particu- 
larly in the Gulf States, are the purest, while those of Maryland and 
the Carolinas, as well as the interior areas of Alabama and Arkansas, 
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are much richer in deciduous broad-leaved associates. In the pine 
forests of New Jersey the floor is extremely shrubby, and this is often 
the case as far south as South Carolina. In southern Georgia and the 
Gulf region the floor is much more open. In both of these cases it is 
difficult to decide how much the normal conditions may have been 
disturbed by fire and by clearing. Under present conditions, at least, 
the Gulf pinelands present a very clean floor, closely carpeted by 
grasses, palmetto, pitcher-plants, and a multitude of other herbaceous 
species. Along the branches and other depressions there is a dense 
stand of shrubbery and a slightly different type of forest. 

The half dozen species of pine which dominate the different sections 
of the Southeastern Mesophytic Evergreen Forest are very similar in 
their appearance, and there is consequently a general resemblance 
between the pinelands of the entire Coastal Plain. In Long Island and 
New Jersey the scrub pine (Pinus rigida) is the dominant species, and 
is scarcely found elsewhere in this forest. In Maryland, Virginia, and 
North Carolina the loblolly pine (Pinus teda) is the leading species, 
while in peninsular Florida the Cuban pine (Pinus caribea) is the chief 
form. Throughout the remaining major portion of the forest the long- 
leaf pine (Pinus palustris) is always the dominant tree, or at least 
abundantly represented in company with the loblolly pine. Through- 
out the Gulf region the slash pine (Pinus heterophylla) is found in moist 
soils and the pond pine (Pinus elliottiz) in wet soils. Throughout the 
interior portions of this forest the shortleaf pine (Pinus echinata) is a 
characteristic tree, seldom found in company with the longleaf pine. 

In the northern and interior portions of the Southeastern Forest, the 
broad-leaved deciduous oaks are frequent associates of the pines. 
The post oak (Quercus minor) and the Spanish oak (Quercus digitata) 
are common from Maryland to Texas, and the blue-jack oak (Quercus 
brevifolia) and turkey oak (Quercus catesbei) from Georgia to Missis- 
sippi. The red gum (Liquidambar styraciflua), the black gum (Nyssa 
biffora), and the red maple (Acer rubrum) are also common broad- 
leaved deciduous elements of this forest, although usually most com- 
mon in poorly drained soil. From South Carolina to Texas the branches 
and moist depressions of the forest are characterized by many ever- 
green broad-leaved trees. Some of these are always evergreens, as 
the magnolia (Magnolia grandiflora) and the live oak (Quercus virgin- 
vana), while others are evergreen in the Gulf region and deciduous 
further north, as the water-oak (Quercus nigra) and the laurel oak 
(Quercus laurifolia). 

Throughout the portions of the area which are poorest in associated 
deciduous trees there are a number of evergreen broad-leaved shrubs _ 
which form a conspicuous element of the vegetation. The most notable 
of these are the gallberry (Ilex glabra), the red bay (Persea carolina), 
the waxberry (Myrica caroliniana), the ti-ti (Cliftonia monophylla), 
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and the sweet illicium (Illiciwm floridanum). In the extreme coastal 
region and in peninsular Florida the saw palmetto (Serenoa serrulata) 
1s More conspicuous than the shrubs, although there is an increasing 
number of species of the latter, including two dwarf oaks (Quercus 
pumila and Quercus minima). 

Northeastern Evergreen-Deciduous Transition Forest.—This type of 
forest fringes the Northern Mesophytic Evergreen Forest from Minne- 
sota to Maine and southward along the Alleghenies. It is sometimes 
well marked as a nearly equal admixture of deciduous and evergreen 
needle-leaved trees, but on its southern and northern edges it merges 
into the larger types of forest, except where sudden changes of soil 
break the influence of climate. The most important deciduous con- 
stituents are sugar-maple (Acer saccharum), beech (Fagus atropunicea), 
birch (Betula spp.), and basswood (Tilia americana). The commonest 
evergreen trees are hemlock (T'suga canadensis), white pine (Pinus 
strobus), balsam fir (Abies balsamea), and jack pine (Pinus divaricata). 

Northern Mesophytic Evergreen Forest.—This forest occupies portions 
of the northern Pacific coast, all but the alpine portions of the Rocky 
Mountains above an elevation of 6,000 to 7,000 feet, and the higher 
summits of all the coastal and inland mountain ranges of the Western 
States. It also occurs in northern Minnesota, Wisconsin, and Michi- 
gan and extends from Maine over the higher elevations of the Appa- 
lachian region through New York, Pennsylvania, and West Virginia 
south to North Carolina. 

This widespread forest is essentially similar in its physiognomy 
throughout. It is dominated in all portions by the needle-leaved ever- 
green tree, although it is by no means free of an admixture of broad- 
leaved deciduous trees, and the latter are particularly common along 
the streams or as small trees beneath the canopy of evergreens. This 
forest is usually between 50 and 100 feet in stature, and it is commonly 
so dense that the entire ground is in shade, although this is notably 
untrue of the forests at elevations approaching timber-line on high 
mountains, and of those which approach the lower limit of timber on 
the desert mountain ranges of the interior. The heaviest stands of 
this forest are almost devoid of either shrubby or herbaceous under- 
growth, but are carpeted by beds of moss. In the more open stands 
there is usually considerable shrubbery, and when this exists it is made 

iduous plants. : 
a ce of the essential similarity of the Northern Mesophytic 
Evergreen Forest, throughout its extensive range of occurrence, it 
is made up of a large number of tree species, and its composition varies 
greatly from State to State, and especially when the eastern and 
western portions of the forest are compared. Owing to differences in 
habit of growth that exist between different coniferous trees there are 
some very striking differences in the physiognomy of the forest that 
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are to be thus explained, as, for example, the contrast of the open 
yellow-pine forest with the very dense lodgepole-pine forest. In the 
mountains of the Western States there are also considerable differ- 
ences in the coniferous forests due to altitude, and these differences are 
visible in the floristic composition as well as in the physiognomy. 

The leading tree in the composition of all the western forests of this 
character is the western yellow pine (Pinus ponderosa), which often 
forms extensive pure stands at middle altitudes, is replaced by other 
species at the highest elevations, and is sometimes the tree of lowest 
range, as in the northern Rocky Mountains, or is mingled with the 
oaks, junipers, and nut pines of the Western Xerophytic Evergreen 
Forest at its lower range. The tree which most frequently replaces 
the yellow pine in the domination of this forest is the lodgepole pine 
(Pinus murrayana), which is extremely abundant in pure stands in 
Idaho and Montana, occupies a belt of dominance from 3,000 to 5,000 
feet in portions of eastern Washington, is almost the sole forest tree 
in the Big Horn Mountains of Wyoming, grows with the Douglas fir 
(Pseudotsuga mucronata) on the western side of the Coast Range, and 
is locally dominant in the Rocky Mountains of Colorado. 

The most hygrophilous portions of the Mesophytic Evergreen 
Forest are the coastward slopes of the mountains of Oregon and the 
western slopes of the Rocky Mountains in Montana and Idaho. In 
the former of these regions the lowest belt of forest is formed by yellow 
pine, Douglas fir, and lodgepole pine; above 5,000 feet the Douglas 
fir is the dominant tree, growing with yellow pine, sugar pine (Pinus 
lambertiana), white fir (Abies concolor), lodgepole pine, and noble fir 
(Abies nobilis); while the higher forested elevations are dominated by 
the alpine hemlock (T'suga pattonii), together with lodgepole pine, 
noble fir, white-bark pine (Pinus albicaulis), western white pine 
(Pinus monticola), and alpine fir (Abies lasiocarpa). 

The moister forests of the northern Rocky Mountains lie between a 
pure stand of yellow pine at lower elevations and an open stand of 
alpine fir and white-bark pine above. The commonest trees of this 
forest are western white pine and western larch (Larix occidentalis). 
The Douglas fir is frequent and the alpine fir (Abies lasiocarpa), the 
lodgepole pine, and giant cedar (Thuja plicata) form a small percentage 
of the arborescent vegetation. 

In the Sierra Nevada the lowest coastward fringe of forest is formed 
by an open stand of the digger pine (Pinus sabiniana), and the main 
body of the forest is formed of yellow pine, incense cedar (Libocedrus 
decurrens), sugar pine (Pinus lambertiana), Jeffrey pine (Pinus jeffreyt) 
and white fir (Abies concolor). At the highest timbered elevations 
lodgepole pine, Jeffrey pine, and red fir (Abies magnifica) are the char- 
acteristic trees. In the San Bernardino and San Jacinto Mountains 
the forest below 6,000 feet is composed almost solely of yellow pine, 
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and above that elevation of an admixture of yellow pine, white fir, 
and sugar pine. 

In the Rocky Mountains of Colorado the principal areas of forest 
are dominated either by yellow pine or lodgepole pine, or more rarely 
by an admixture of them. The higher elevations are characterized 
by Douglas fir (Pseudotsuga mucronata), Engelmann spruce (Picea 
engelmannt), and by the fox-tail and limber pines (Pinus aristata and 
P. flexilis) and the Parry fir (Picea parryana) and alpine fir (Abies 
lasiocarpa). 

The forest in the Black Hills of South Dakota and in the desert 
mountains of Arizona and New Mexico is chiefly formed by yellow 
pine. 

The Mesophytic Evergreen Forest of northern Minnesota is a com- 
posite of white pine (Pinus strobus) on the deeper soils; of Norway 
pine (Pinus resinosa) and jack pine (Pinus divaricata) on the lighter 
soils; with tamarack (Larix laricina), black spruce (Picea mariana), 
and white spruce (Picea canadensis) in wet soils; and arborvite (Thuja 
occidentalis) in the bogs. The deciduous broad-leaved trees are more 
conspicuous here than in any portion of the western half of this forest, 
bur oak (Quercus macrocarpa), basswood (Tilia americana), and sugar 
maple (Acer saccharum) being the commonest species. 

In Maine the principal trees in the evergreen forest are spruce 
(Picea nigra), balsam fir (Abies balsamea), white pine (Pinus strobus), 
and hemlock (7'suga canadensis). This group of trees is also charac- 
teristic of the coniferous areas of the other New England States, of the 
Catskill and Adirondack Mountains in New York, and of the moun- 
tains of Pennsylvania. The small coniferous areas on the mountains 
of North Carolina are chiefly composed of black spruce (Picea mariana) 
and the Fraser fir (Abies frasert). 

Western Xerophytic Evergreen Forest—The Xerophytic Evergreen 
Forest is a dwarf and open form of ‘‘woodland” or “‘semi-forest”’ that 
characterizes the edges of the Mesophytic Evergreen Forest through- 
out the southern half of the western portion of that forest. The 
Xerophytic Forest seldom covers extensive areas, except in northern 
Arizona, and in all localities it becomes more open at the lower edges, 
where it meets the Desert or the Desert-Grassland Transition, and more 
closed at the upper edge, where it merges with the Mesophytic Ever- 
green Forest. } ; J 

The Xerophytic Forest is similar to the desert in that its dominant 
plants are widely spaced, leaving much unoccupied ground. It is, 
again, similar to the desert and unlike the other forest areas in -the 
small stature of its trees, which never exceed 50 feet and frequently 
attain less than 25 feet in height. The two types of tree which dominate 
the Xerophytic Forest are the nut pine (Pinus edulis, P. cembroides, 
P. parryana) and the juniper (Juniperus utahensis, J. californica, J. 
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occidentalis, J. pachyplea). Sometimes these two types are equally 
mingled, or more frequently one of the two is predominant. The 
species mentioned do not greatly overlap, but occupy different areas 
within the Xerophytic Forest. With these coniferous trees grow also 
certain evergreen broad-leaved oaks. In the Great Basin and in Colo- 
rado the réle played by the oaks is a minor one, but in New Mexico it 
is more important, and in southern Arizona several arborescent species 
of evergreen oaks are frequently as common as the conifers, or more 
so. The Xerophytic Forest also contains numerous conspicuous shrubs 
of different types (Cercocarpus, Cowania, Artemisia, Ephedra, etc.), 
as well as such succulent and semisucculent plants as the yuccas and 
agaves, and conspicuous bunch-grasses and other perennials of inter- 
mittent or seasonal activity. 

Northwestern Hygrophytic Evergreen Forest—This forest occupies 
the coastal region of Washington, Oregon, and extreme northern 
California, and an isolated portion of it lies on the western slopes of 
the Cascade Range in Oregon. This area exceeds any portions of the 
Mesophytic Evergreen Forest in density of stand and in the stature of 
the trees, which very frequently exceed 100 feet in height. The 
heavily shaded floor of the forest is covered with fallen trunks and 
limbs, overgrown with mosses and hepatics, and underlaid by a deep 
bed of humus. The deciduous trees are few and small, but a number 
of evergreen ericaceous shrubs are common on the floor of the forest, 
as are also ferns and large-leaved herbaceous plants. 

The density, tall stature, and vigorous activity of the Hygrophytic 
Forest give it a very distinctive physiognomy and betoken a set of 
environmental conditions unlike those of the Mesophytic Forest, in 
accordance with which it possesses a number of distinctive tree species. 
The tree which is of most general occurrence throughout the area is 
the Douglas fir (Pseudotsuga mucronata), which is also found far beyond 
the limits of this forest. It is accompanied in nearly equal admixture 
in many localities by the black hemlock (T’suga mertensiana). Other 
species common in this forest are the Sitka spruce (Picea sitchensis), 
white fir (Abies grandis), giant cedar (Thuja plicata), amabilis fir 
(Abies amabilis), noble fir (Abies nobilis), redwood (Sequoia semper- 
virens), and western white pine (Pinus monticola). The highest ocean- 
ward elevations of the Coast Range are similar to other subalpine 
areas in the coniferous forests, and are characterized by an open stand 
of symmetrical conifers, branching to the ground. 

Alpine Summits.—The principal alpine summits are those of the 
Cascade, Sierra Nevada, and Rocky Mountains, although small _ 
areas occur elsewhere. Their vegetation is composed of such dwarfed 
or prostrate trees as may be able to exist above timber-line, together 
with low, matted, or polsterform perennial plants with large roots. 
Meadows or the margins of lakes above timber-line are the habitats of 
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numerous herbaceous species, usually less highly specialized than those 
growing in rocky soil or crevices. On the highest mountains of the 
United States the vegetation is often limited to mosses and lichens 
or is locally absent. 

Swamps and Marshes.—These terms comprise an extremely varied 
series of communities, partially dominated by trees and partially by 
coarse grasses, sedges, or other palustrine plants. The words “swamp” 
and “marsh” are both somewhat objectionable for use in the present 
connection because of their intrinsic reference to the nature of the 
habitat. The distinction between swamp and marsh has so long been 
drawn in popular speech and scientific writing, however, that the 
words are used here as terms descriptive of the vegetation rather than 
designations that imply the feature of the environment which deter- 
mines the vegetation. The areas of swamp and marsh are so intri- 
cately interwoven that no effort has been made to separate them. 

The greatest development of swamps and marshes is to be found 
along the shores of the Atlantic Coastal Plain, although there are 
smaller areas of marsh on the Pacific Coast and scattered areas of 
swamp throughout the glaciated region. 

The saline marshes are dominated by nearly pure stands of halo- 
phytic grasses, while the fresh or brackish marshes are inhabited 
by very diverse populations of herbaceous perennials and annuals. 
The swamps of the Southeastern States are composed of a particularly 
rich assemblage of deciduous broad-leaved trees (Nyssa, Acer, Mag- 
nolia, and Quercus) or of nearly pure stands of the deciduous needle- 
leaved bald cypress (T'axodium distichum). 

Although the map of the vegetation of the United States which has 
just been described (plate 1) is not so detailed as might be possible or 
desirable, it was found, nevertheless, as has been noted, that many of 
its smallest areas and the sinuosities of many of its major boundaries 
would be meaningless when brought into comparison with the rela- 
tively small number of stations from which we were able to secure 
climatic data. We have therefore prepared a generalized map of the 
vegetation of the United States, shown as plate 2, which was executed 
with special reference to the number of stations represented in our 
accumulations of climatological data. The detailed map has been 
published and described for the sake of giving the basis upon which 
this more generalized map has been drawn. The number of areas has 
thus been reduced from 18 to 9 by a reduction of the four desert areas 
to one, by a consideration of the two semidesert areas as one, by the 
elimination of the transition areas from deseit to grassland and from 
deciduous forest to the forest areas to the north and south of it, and 
by disregarding the alpine summits and swamps and marshes. We 
have chosen to separate our study of climatic correlations for the 
eastern and western portions of the Northern Mesophytic Evergreen 
Forest. Although these two areas are ecologically alike, it seemed 
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desirable to give them separate study, in view of the fact that they are 
so widely separated, at least within the geographical limits of the 
United States. SORE 
The generalized map (plate 2)' is, therefore, a simplification of the 
detailed vegetation map, in addition to being a generalization from 
it in the sense that the lines between the plant formations have been 
smoothed, although their location has in no case been changed in such 
manner as to throw any of our leading climatological stations into 
vegetations other than those in which they actually belong. 
The areas represented on the generalized map of the vegetation 
have been designated as follows: 
Desert. 
Semidesert. 
. Grassland. 
. Grassland-Deciduous Forest Transition. 
. Deciduous Forest. 
. Northwestern Hygrophytic Evergreen Forest. 
. Western Section of the Northern Mesophytic Evergreen Forest. 


. Eastern Section of the Northern Mesophytic Evergreen Forest. 
. Southeastern Mesophytic Evergreen Forest. 


CONIA TNP WHE 


III]. DISTRIBUTIONAL AREAS OF CONFORMIC GROUPS OF PLANTS. 


Under this heading we desire to discuss briefly the groups of con- 
formic plants (plants of the same growth-form) which we have used in 
the correlations dealt with on the following pages. Four groups of 
such plants have been charted and are exhibited in plates 3, 4, and 5. 
It seems desirable to give here some of the detailed data upon which 
these maps have been based. 


CUMULATIVE DISTRIBUTION OF EVERGREEN BROAD-LEAVED TREES. 


The evergreen habit in broad-leaved trees is commonly regarded 
as one that has developed in moist, warm climates, and this view is 
confirmed by the predominance of trees of this type in the tropical 
rain-forests of both hemispheres. We have endeavored to define both 
the term ‘‘tree”’ and the term “broad-leaf”’ as definitely as possible for 
securing the list that we have used. We have regarded as trees only 
those woody plants which have a well-defined trunk and a height of 
20 feet or more, and have regarded as evergreen all of those trees which 
retain some of their leaves throughout the year, at least holding the 
old ones until the time of appearance of the new leaves. The needle- 
leaved evergreen trees have not been included in this class. The trees 
of this group merge into shrubs and in such a manner that it is 
extremely difficult to draw a hard-and-fast line between them, and 
indeed some of the species which are arborescent in one portion of their 


*On Plate 2, and also on plates 6, 7, 11, 34-37, 39, 42-72, the description ‘‘Southeastern meso- 
phytic forest” should read ‘‘Southeastern mesophytic evergreen forest.”’ 
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range are shrubs in another. It is also well known that a number of 
trees which are evergreen in southern latitudes are somewhat decid- 
uous near the northern limits of their ranges. 

Evergreen broad-leaved trees are found in the United States only 
on the Pacific coast, in the mountains of the extreme Southwest, and 
in the southeastern portion of the United States, reaching their greatest 
abundance in peninsular Florida. Those of the Pacific region are 
either confined to the Pacific coast of the United States or are found 
only in extreme northwestern Mexico. The evergreens of the south- 
western mountains are largely trees which have the major portion of 
their range in the Sierra Madre region of Mexico. Those of the south- 
eastern United States are partly peculiar to that region and partly 
trees of wide distribution in the West Indies, this being notably true 
of those found in extreme southern Florida. In the western states the 
greatest extension given the area of this growth-form, at least to the 
north, is due to the extended range of Arbutus menziesit. In the east 
the maximum extension of this type is due to the ranges of Ilex opaca 
and Magnolia glauca, which extend north in the Coastal Plain as far 
as Massachusetts. The member of the southeastern group which 
extends farthest west is Quercus virginiana, which is found in western 
Texas. The inclusion of the evergreen shrubs Rhododendron maximum 
and Kalmia latifolia would have extended the region of occurrence of 
this growth-form into the southern Alleghenies and farther into the 
Northeastern States. With the exception of these shrubs, the ever- 
green habit is rather poorly represented among the shrubs in the 
deciduous-forest region, although the evergreen broad-leaved habit 
again appears in the north as characteristic of numerous bog shrubs. 

In the construction of the map of cumulative occurrence of broad- 
leaved evergreens 129 species have been used. Of these species, 25 
occur in California and the Southwestern States, 25 in the Hastern 
States exclusive of peninsular Florida, and 79 in the last-named 
region. The western and eastern groups do not overlap, except in so 
far as Quercus virginiana is sometimes found in western Texas in the 
same region with evergreen oaks characteristic of the Mexican Cordil- 
lera. Our eastern group of evergreens merges into the group for 
peninsular Florida in a manner which it is impossible to describe accu- 
rately on the basis of existing literature. Several of the evergreens of 
the Southeastern States do not range to the extreme southern end of 
Florida. Twelve of our 25 eastern species have been eliminated with 
certainty from the number credited to southern Florida. Out of the 79 
species which we are listing for peninsular Florida, only 65 are found 
in the Everglade region exclusive of the keys, while 26 are confined 
to the keys and their adjacent shores. The complicated distribution 
of many of these trees in peninsular Florida has made it necessary 
for us to map that region in a somewhat conventional manner. 


48 


THE VEGETATION OF THE UNITED STATES. 


Following is given a list of the species of evergreen broad-leaved 
trees which have been used in the compilation shown on plate 3. In 
order to identify these with greater certainty, author names are given: 


EVERGREEN BroaD-LEAVED TREES OF THE UnitTeD STATES. 


Western group: 


Arbutus arizonica (Gray) Sarg. 

Arbutus menziesii Pursh. 

Arbutus texana Buck. 

Castanopsis chrysophylla (Hook) A. 
DC. 

Ceanothus spinosus Nutt. 

Ceanothus thyrsiflorus Esch. 

Ehretia elliptica DC. 

Fremontodendron californicum (Torr.) 
Cov. 

Garrya elliptica Dougl. 

Myrica californica Cham. 

Prunus ilicifolia (Nutt.) Walp. 

Quercus agrifolia Nee. 

Quercus arizonica Sarg. 

Quercus chrysolepis Liebm. 

Quercus densiflora Hook. and Arn. 

Quercus emory1 Torr. 

Quercus engelmanni Greene. 

Quercus hypoleuca Engelm. 

Quercus oblongifolia Torr. 

Quercus reticulata Humb. and Bonpl. 

Quercus wislizeni A. DC. 

Rhus integrifolia (Nutt.) Benth. and 
Hook. 

Sophora secundiflora (Cav.) DC. 

Umbellularia californica (Hook. and 
Arn.) Nutt. 

Vauquelinia californica (Torr.) Sarg. 


Southeastern group: 


Bumelia angustifolia Nutt. 
Bumelia cassinifolia Small. 
Bumelia lanuginosa (Michx.) Pers. 
Bumelia lucida Small. 

Bumelia tenax (L.) Willd. 
Bumelia texana Buck. 

Cliftonia monophylla (Lam.) Sarg. 
Cyrilla racemiflora L. 

Gordonia lasianthus (L.) Ellis. 
Ilex cassine Walt. 

Ilex myrtifolia Walt. 

Ilex opaca Ait. 

Magnolia glauca L. 

Magnolia grandiflora L. 
Osmanthus americanus (L.) B. and H. 
Persea borbonia (L.) Spreng. 
Persea pubescens (Pursh.) Sarg. 
Prunus caroliniana (Mill.) Ait. 
Quercus laurifolia Michx. 

Quercus nigra L. 

Quercus virginianas Ell. 

Sabal palmetto (Walt.) R. and 8. 


Southeastern group—continued: 


Symplocos tinctoria (L.) L’Her. 
Vaccinium arboreum Marsh. 
Xanthoxylum fagara (L.) Sarg. 


Peninsular Florida group: 


Alvaradoa amorphoides Liebm. 

Amyris balsamifera L. 

Amyris maritima Jacq. 

Anamomis dicrana (Berg.) Britton. 

Anona glabra L. 

Avicennia nitida Jacq. 

Bourreria havanensis (R.and8.) Miers. 

Bourreria virgata (Sw.) D. Don. 

Bucida buceras L. 

Bumelia angustifolia Nutt. 

Calyptranthes pallens (Poiret) Griseb. 

Canella winteriana (L.) Gaert. 

Capparis jamaicensis Jacq. 

Chrysobalanus icaco L. 

Chrysophyllum oliviforme L. 

Citharexylon cinereum L. 

Coccolobis laurifolia (Jacq.) Sarg. 

Coccolobis uvifera (L.) Sarg. 

Colubrina reclinata (L’Her.) Brongn. 

Conocarpus erecta L. 

Cordia sebestina L. 

Crescentia cujete L. 

Crescentia cucurbitina L. 

Cupania glabra Sw. 

Dipholis salicifolia (L.) A. DC. 

Drypetes diversifolia Urb. 

Drypetes lateriflora (Sw.) Urb. 

Eugenia axillaris (Sw.) Willd. 

Eugenia buxifolia (Sw.) Willd. 

Eugenia confusa DC. 

Eugenia longipes Berg. 

Eugenia rhombea (Berg.) Krug and 
Urban. 

Exostema caribeum (Jacq.) Griseb. 

Exotheca paniculata (Juss.) Radlk. 

Ficus aurea Nutt. 

Ficus brevifolia Nutt. 

Genipa clusiifolia (Jaeq.) Griseb. 

Guaiacum sanctum L. 

Guettarda elliptica Sw. 

Guettarda scabra Vent. 

Gyminda latifolia (Sw.) Urban. 

Gymnanthes lucida Sw. 

Hippomane mancinella L. 

Hypelate trifoliata Sw. 

Icacorea paniculata (Nutt.) Sudw. 

Ichthyomethia piscipula (L.) A. S 
Hitch. 
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EVERGREEN Broap-LEAvep TREES OF THE UNI1ED STaTEs—continued. 


Peninsular Florida group—continued: Peninsular Florida group—continued: 
Tlex krugiana Loesn. Sapindus saponaria L. 


Jacquinia keyensis Mez. Schaefferia frutescens Jacq. 
Krugiodendron ferreum (Vahl.) Urb. Schoepfia chrysophylloides (A. Rich.) 
Laguncularia racemosa (L.) Gaertn. f. Planch. 

Lysiloma bahamensis Benth. Sideroxylon fcetidissimum Jacq. 
Mimusops parvifolia (Nutt.) Radlk. Simaruba medicinalis Endl. 

Ocotea catesbyana (Michx.) Sarg. Swietenia mahogoni Jacq. 

Oreodoxa regia H. B. K. Terebinthus simaruba (L.) W. F-. 
Picramnia pentandra Sw. Wight. 

Pithecolobium guadalupense Chapm. Thrinax microcarpa Sarg. 

Prunus spherocarpa Sw. Thrinax parviflora Sw. 

Pseudophcenix sargentii Wend. Torrubia longifolia (Heimerl.) Britton. 
Psychotria undata Jacq. Trema floridana Britton. 

Rapanea guianensis Aubl. Xanthoxylum coriaceum A. Rich. 
Reynosia septentrionalis Urb. Xanthoxylum flavum Vahl. 

Rhacoma crossopetalum L. Ximenia americana 1. 

Rhizophora mangle L. Zygia unguis-cacti (L.) Sudw. 


Rhus metopium L. 


CUMULATIVE DISTRIBUTION OF MICROPHYLLOUS TREES. (PLATE 3.) 


This group comprises plants which are trees in form and reach a 
height of 15 feet or more, being characterized by leaves which are 
either simple and very small or have pinnate or bipinnate leaves with 
small leaflets. Several species have been comprised which have green 
stems and leaves which are of very short duration or wholly absent. 
The members of this group merge into the much larger class of shrubs 
in the southwestern United States which possess a similar character. 
Eight of the species which have been used are extremely common as 
shrubs, but frequently become trees within the limits of our definition. 

Microphyllous trees are most strongly represented in the United 
States in southern Texas and southern Arizona. The maximum north- 
ward extension of individuals of this group reaches northern Texas 
and the southern portion of Nevada, due to the range of Prosopis 
glandulosa. The cumulative distribution of this group, as well as of 
the group just considered, is shown in plate 3. The twenty-three 
species used in constructing this map are as follows: 


MicROPHYLLOUS TREES OF THE UNITED STATES. 


Leucena pulverulenta (Schl.) Benth. 
Olneya tesota Gray. 

Parkinsonia aculeata L. 

Parkinsonia microphylla Torr. 
Parosela spinosa (Gray) Heller. 
Pithecolobium brevifolium Benth. 
Pithecolobium flexicaule Coulter. 
Porliera angustifolia (Engelm.) Gray. 
Prosopis glandolosa Torr. 

Prosopis pubescens Benth. 

Prosopis velutina Wooton. 


Acacia farnesiana Willd. 

Acacia greggiiGray. 

Acacia wrightii Benth. , 

Brayodendron texanum (Scheele) Small. 
Canotia holacantha Torr. 

Cercidium floridum Benth. 

Cercidium torreyanum (Wats.) Sarg. | 
Condalia obovata Hook. 

Holacantha emoryi Gray. | 
Keeberlinia spinosa Zuce. 

Leuceena glauca (L.) Benth. | 
Leucena greggii Wats. | 
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DECIDUOUS TREES OF THE SOUTHEASTERN UNITED STATES. (PLATE 4.) 


On the basis of the literature descriptive of the vegetation of the 
southeastern United States, a group of fifteen deciduous broad-leaved 
trees has been selected as representative of this vegetation form in 
that section of the country. The cumulative distribution of the fifteen 
trees which have been selected is shown in plate 4. 

These trees are of interest because they are extremely common in 
the Atlantic Coastal Plain and are nearly all either infrequent in the 
Piedmont and Allegheny regions or are absent there. These trees are, 
in short, representatives of the deciduous habit which have their 
maximum cumulative occurrence as well as their maximum abundance 
outside the deciduous forest area and in the heart of the Southeastern 
Mesophytic Evergreen Forest. Five of the species used are palustrine 
and nearly all of them occupy other habitats than those in which the 
evergreen needle-leaved trees are dominant. The following is a list 
of the species which have been used in the construction of the map 
shown in plate 4: 


Acer drummondii Hook. and Arn. Quercus brevifolia (Lam.) Sarg. 
Fraxinus caroliniana Mill. Quercus catesbzi Michx. 

Hicoria aquatica (Michx. f.) Britton. Quercus digitata (Marsh.) Sudw. 
Liquidambar styraciflua L. Quercus michauxii Nutt. 

Nyssa aquatica L. Quercus phellos L. 

Nyssa ogeche Marsh. Quercus texana Buckl. 

Planera aquatica (Walt.) Gmel. Ulmus alata Michx. 


Populus heterophylla L. 


CUMULATIVE DISTRIBUTION OF THE COMMONEST EASTERN DECIDUOUS TREES, 
(PLATE 5.) 

A selection has been made of the thirteen deciduous trees which are 
commonest in the Deciduous Forest area and are most widely dis- 
tributed throughout it. These are all large forest trees which are 
wholly deciduous throughout their ranges and are commonly found in 
upland habitats. The maximum occurrence of this group is in the 
region extending from central New York to northern Alabama, com- 
prising the entire extent of the Allegheny Mountains. From this 
region, in which 13 of the species are found, the abundance of this group 
shades off to the east, south, and west, so that the area in which from 
12 to 8 species are found covers the Coastal Plain of Virginia and Caro- 
lina, extends south to western Florida, and west as far as the eastern 
boundaries of Texas, Kansas, and Minnesota. The following is a 
list of the thirteen species that have been used in the preparation of 
this map, shown in plate 5: 


Acer saccharum Marsh. Juglans nigra L. 
Carpinus caroliniana Walt. Liriodendron tulipifera L. 
Castanea dentata (Marsh.) Borkh. Quercus alba L. 

Fagus atropunicea Ehrh. Quercus prinus L. 
Fraxinus americana L. Quercus velutina Lam. 
Hicoria glabra (Mill.) Britton. Ulmus americana L. 


Hicoria minima (Marsh.) Britton. 
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THE COMMONEST EVERGREEN NEEDLE-LEAVED TREES OF THE SOUTHEASTERN 
UNITED STATES. (PLATE 6.) 


The four evergreen needle-leaved trees which are most widespread 
and most dominant in the Southeastern Mesophytic Forest are Pinus 
echinata, P. teda, P. palustris, and P. caribea. The ranges of these 4 
pines have been superposed on a single map (plate 6). Pinus echinata 
possesses the most northerly range of this group, and it and Pinus 
teda exceed the distribution of the southeastern evergreen formation 
itself. The three most widely distributed species of this group reach 
their western limit at about the ninety-sixth meridian. The distribu- 
tion of P. palustris is closely coincident with that of the southeastern 
evergreen formation, while that of P. caribea lies entirely within that 
formation. These four species are all found in southern Georgia and 
northern Florida and the extreme southern portions of Alabama and 
Mississippi. The region of maximum occurrence of this group lies, 
therefore, in the heart of the southeastern evergreen area. 


THE COMMONEST EVERGREEN NEEDLE-LEAVED TREES OF THE NORTHEASTERN 
UNITED STATES. (PLATE 7.) 


The ranges of the 4 evergreen needle-leaved trees which are most 
generally dominant in the eastern section of the Northern Mesophytic 
Evergreen Forest are plotted together and are shown in plate 7. These 
trees are Pinus strobus, Tsuga canadensis, Abies balsamea, and Pinus 
dwvaricata. 

The region of cumulative occurrence of these trees corresponds 
closely with the distribution of the evergreen forest formation. The 
southernmost extension of this group is found in the case of T'suga 
and the northernmost in the case of Pinus divaricata. All four of these 
trees are found together in northern New England, northern New 
York, and in Michigan, Wisconsin, and Minnesota. 

The range of climatic conditions has been determined separately 
for each of these trees, owing to the fact that their regions of cumulative 
occurrence correspond so closely with the eastern section of the Northern 
Mesophytic Evergreen Forest. The same has been done with respect 
to the dominant trees of the Southeastern Evergreen Forest. 


THE ECOLOGICAL DISTRIBUTION OF PINUS TAEDA. (PLATE 8.) 


It is rarely that data are available on the relative abundance of a 
plant within its area of geographical distribution. Owing to the excel- 
lent work of Mohr,! we are able to use both the geographical and 
ecological distribution of the loblolly pine (Pinus teda). The map 
prepared by Mohr has been reproduecd in plate 8 and shows three 
areas of varying abundance in addition to the region of scattered 


1Mohr, Charles,. Timber Pines of the southern United States, U. S. Dept. of Agric., Bur. For. 
Bull. 3, 1896. 
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occurrence. The region in which this tree was formerly most abundant 
is characterized by stands of 3,000 to 4,000 feet board measure per 
acre, the area of next greatest abouts by stands of 1,000 to 2,000 
feet board measure, and the third by stands of 1,000 feet oard measure 
or less. It has Been possible for us to een the climatic condi- 
tions for each of these areas separately. The location of the areas of 
different abundance within the area of geographical range is so irregu- 
lar for Pinus teda as to make our correlations difficult and to suggest 
the strong importance of soil influence in determining the stands of 
this tree in the different parts of its area. There is no other case, 
however, in which the ecological distribution of any plant has been ° 
so carefully worked out, and we are consequently unable to make use 
of other maps showing the distribution of plants over regions in which 
soil conditions are not so important in determining their relative 
abundance. 


THE ECOLOGICAL DISTRIBUTION OF LIRIODENDRON TULIPIFERA. (PLATE 9.) 


There are several deciduous trees for which the areas of commercial 
abundance have been determined, and we have selected one of these 
for use in our climatic correlations. Mr. George M. Lamb, of the 
United States Forest Service, has courteously given us the data for 
the map shown in plate 9, indicating the geographical range and com- 
mercial range of the tulip tree (Liriodendron tulipifera). This map 
subdivides the range of the tree much less satisfactorily than the map 
of Mohr for Pinus teda, since it indicates only the two regions of 
relative abundance. The simplicity of this map, however, makes it 
extremely useful for our purposes, especially in view of the relatively 
small number of climatological stations from which we have data. 


THE ECOLOGICAL DISTRIBUTION OF BULBILIS DACTYLOIDES. (PLATE 10.) 


In the absence of any previously published maps showing the ecologi- 
cal distribution of plants other than trees, we have endeavored to con- 
struct such a chart for buffalo-grass (ules dactyloides). This has 
been made on the basis of all available descriptive literature and 
has been submitted for criticism to several botanists familiar with the 
Great Plains region, to all of whom we are greatly indebted for informa- 
tion. The map shown in plate 10 is designed to indicate the area in 
which buffalo-grass was formerly a very common element of the Grass- 
land, the area in which it was of frequent occurrence merely, and the 
area in which it is of scattered or rare occurrence. The geographical 
range of this species coincides in a general way with the distribution 
of the Grassland vegetation, although it does not range quite so far to 
the northwest and extends beyond its limits at the southeast. The 
area of its optimum occurrence lies in South Dakota, Nebraska, western 
Kansas, and extreme western Oklahoma, in the heart of the Grassland 
area. 
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CUMULATIVE OCCURRENCE OF CHARACTERISTIC GRASSES, (PLATE 11.) 


On plate 11 have been laid the distributional limits of 4 grasses 
which are widespread and dominant in the Grassland region of the 
United States. These species are Boutelowa oligostachya, Bulbilis 
dactyloides, ‘Bouteloua hirsuta, and Keleria cristata. The most wide- 
spread of these grasses is Keleria, which is found throughout the 
Northern States from Maine and Pennsylvania to Washington and 
California, extending southwest into Texas. Bouteloua oligostachya 
is also a plant of extensive range, having its limit in the Grassland- 
Deciduous Forest Transition on the east and occurring locally as far 
west as the northern Rockies and the desert plains of Utah, Arizona, 
and southern California. The other species are more nearly coincident 
in their distribution with the Grassland and Desert-Grassland Transi- 
tion. The area of maximum occurrence in which all 4 species are 
found extends from the Canadian boundary to the Rio Grande, 
stretching approximately from the ninety-sixth to the one hundred 
and fourth meridian. 


EXTREME LIMITS OF TWO TYPES OF CACTI. (PLATE 12.) 


The most widely distributed genus of cacti in North America is 
Opuntia, in which a large diversity of types are to be found which have 
been roughly grouped in the two subgenera, Cylindropuntia and 
Platyopuntia. In plate 12 we have shown the extreme range of these 
two types of cacti in the United States. The limit of the range of the 
platyopuntias is the limit of the family Cactacee. This limit is 
carried from the southwestern United States, in which plants of this 
type are so abundant, eastward to the Atlantic coast and northward 
in the Coastal Plain to the Northeastern States. Members of this 
type are absent from the Allegheny region, but are found in eastern 
Kentucky, southern Michigan, and southwestern Minnesota. This 
limit is formed by the extreme ranges of Opuntia opuntia and Opuntia 
polyacantha. In the Western States the limit of this type is found at 
the base of the northern Rocky Mountains and at the eastern foot of 
the Cascade and Sierra Nevada ranges, being formed chiefly by the 
extreme occurrence of Opuntia polyacantha and its closely allied forms. 

The arborescent cacti comprised in the group of Cylindropuntia 
are much more closely restricted to the desert region of the South- 
western States. The limit of this type is shown in plate 12 and is 
formed on the east by the extreme range of Opuntia arborescens, on the 
north, in Nevada, by Opuntia acanthocarpa and O. echinocarpa, and 
on the west by Opuntia parryi (bernardina), and O. prolifera. 
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IV. DISTRIBUTIONAL AREAS OF SELECTED INDIVIDUAL SPECIES. 


A relatively large number of individual species have been so selected 
as to include a few of the dominant plants in each of the leading vege- 
tations. Many of the minor plants have distributional areas which 
coincide roughly with vegetational areas, as has already been shown 
for some of the northeastern and southeastern evergreen needle-leaved 
trees. Each of the dominant species that we have used for correlation 
with the climatic conditions is accompanied by numerous minor or 
subordinate species for which the same climatic controls must often 
be of importance. 

The trees are predominant in the list of species which we have used, 
partly because they are the dominant element in so many of our types 
of vegetation and partly because it is easier to secure full and accurate 
distributional data for them than for plants of any other type. The 
distribution of most of the flowering plants of the United States would 
seem to be fairly well known if a list of the known occurrences of these 
species were examined. When, however, the attempt is made to plot 
the distribution on a map, the very great gaps which exist in our 
knowledge become very evident. We have depended largely on the 
invaluable data of the United States Forest Service, as given in various 
publications, for our maps of the distribution of trees. 

The species which we have used fall into some 22 groups, which will 
now be enumerated. The distributional areas of these plants have 
been arranged on the maps so that their limits will intersect as little 
as possible and so as to economize space. The plates on which these 
distributions are represented are given in each case. 


1. NORTHWESTERN EVERGREEN NEEDLE-LEAVED TREES. (PLATE 13.) 


Tsuga heterophylla (Raf.) Sarg. 
Picea sitchensis (Bong.) Trautv. and Mayer. 

These two trees are taken as typical of the numerous evergreen 
needle-leaved forms found in the hygrophytic forest of the North- 
western States. 7J’suga ranges eastward to the Rocky Mountains of 
northern Idaho and northwestern Montana, but Picea is closely 
restricted in its range to the hygrophytic forest region itself. 


2. WESTERN EVERGREEN NEEDLE-LEAVED TreEs. (PLATES 14 anp 15.) 


Pseudotsuga mucronata (Raf.) Sudw. (=P. taxifolia (Lam.) Britton = P. doug- 
lasii Carr). 

Pinus ponderosa Laws. (including P. scopulorum (Engelm.) Lemmon). 

Pinus contorta Loud. (including P. murrayana Oreg. Com.) Pinus edulis Engelm. 


In this group are comprised four of the leading trees of the western 
portion of the Northern Mesophytic Evergreen Forest. It has been 
possible to map the occurrences of Pseudotsuga with considerable 
accuracy, in fact, in far more detail than our series of climatological 
figures would warrant. Pinus ponderosa is likewise widely distributed 
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through the forested portions of the western United States from the 
Canadian boundary to Mexico. Pinus contorta is very nearly coin- 
cident in its range with the northern portion of the area occupied by 
Pinus ponderosa. Pinus edulis is used as an example of the type of 
evergreen needle-leaved trees which is dominant in the Western Xero- 
phytic Evergreen Forest. It has not been possible from any data 
which are at hand to represent the range of this tree in as great detail 
as we used for the other members of this group. 


3. SOUTHEASTERN EVERGREEN NeEpLE-LEAveD Trees. (PLATE 6.) 


Pinus palustris Mill. 
Pinus teda L. 
Pinus echinata Mill. (=P. mitis Michx.). 
Pinus caribea Morelet (=P. heterophylla (Ell.) Sudw.). 
The range of the members of this group of characteristic evergreen 
needle-leaved trees of the Southeastern Mesophytic Forest has already 
been discussed on a previous page. 


4, NORTHEASTERN EVERGREEN NEEDLE-LEAVED TREES. (PLATES 7 AND 13.) 


Pinus strobus L. 

Tsuga canadensis (L.) Carr. 

Pinus virginiana Mill. (=P. inops Ait.). 

Pinus divaricata (Ait.) DuMont. (=P. banksiana Lamb.). 
Abies balsamea (L.) Mill. , 


The distribution of four of these species has also been discussed in 
showing the relation of their ranges to the range of the eastern portion 
of the Northern Mesophytic Evergreen Forest. Pinus virginiana has 
been used as an example of a type of distribution which is somewhat 
unusual among the evergreen needle-leaved trees, occupying an area 
between the northern and southern areas of evergreen needle-leaved 
forest and lying almost wholly in the deciduous region. 


5. Eastern Decipvous Trees. (PLaTEs 16 anv 17.) 


Quercus alba L. 

Fagus atropunicea Ehrh. (=F. americana Sweet =F. ferruginea Ait.). 
Castanea dentata (Marsh.) Borkh. (=C. sativa var. americana Sarg.). 
Acer saccharum Marsh. (=A. saccharinum Wang.). 

This group comprises four of the commonest trees of the deciduous 
forest, all of which were used in the map of cumulative occurrence of 
trees of this type given in plate 6. Quercus alba is found practically 
throughout the eastern half of the United States, with the exception 
of peninsular Florida and northern Michigan and Minnesota. Fagus 
atropunicea is also found throughout the greater part of the eastern 
United States, although it is somewhat less restricted in. range than 
Quercus alba. Castanea dentata is more strictly confined in its occur- 
rence to the Alleghenian region and its adjacent areas. Acer sac- 
charum is similar in its range to Quercus alba, but extends farther to the 
north and not quite so far to the south. 
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6. SouTHEASTERN Decipuous TREES. (PLATES 17 AND 18.) 


Quercus falcata Michx. (=Q. digitata Sudw.). 
Sapindus marginatus Willd. 


These trees have been used as typical of the southeastern distribu- 
tions, the former being very nearly coincident with the Atlantic Coastal 
Plain in its range, the latter occupying its largest area in Texas and 
Oklahoma, and extending eastward along the Gulf coast to Florida. 


7. NorTHERN Decipuous TREES. (PLATES 17 AND 18.) 


Populus balsamifera L. (including P. hastata Dode). 
Quercus macrocarpa Michx. 


These trees have been selected because of their wide northern range, 
which is limited in the former to the eastern portion of the Northern 
Evergreen Needle-leaved Forest and to a small area in the northern 
Rocky Mountains, while the latter tree extends south to the inner 
edge of the Coastal Plain and is remarkable for its extreme western 
extension into the grassland region. 


8. SOUTHEASTERN EVERGREEN Broap-LEAVED TREES. (PLATE 19.) 


Ilex opaca Ait. 
Magnolia grandiflora L. (=M. foetida (L.) Sarg.). 


Ilex has been used as an example of an evergreen broad-leaved tree 
which is nearly coincident in its range with the extent of the Atlantic 
Coastal Plain, and Magnolia has been used as another tree of the same 
growth-form which is confined to a more southern section of the Coastal 
Plain. 


9. Pats. (PLATE 20.) 


Sabal palmetto (Walt.) R. and S. 

Serenoa serrulata (Michx.) Hook. 

ee filamentosa Wendl. (=Neowashingtonia filamentosa (Wendl.) 
udw.). 


The three palms which are most widely distributed in the United 
States have been used as the sole representatives of this type of plant 
and as groups which are confined to the warmest portions of the United 
States. Sabal and Serenoa are both confined to western Florida and 
the adjacent coasts, while Washingtonia is found only in the interior 
deserts of southern California. 


10. PaLusTRINE SHRusBs. (PLATE 22.) 


Cephalanthus occidentalis L. 

Adelia acuminata Michx. (= Forestiera acuminata Poir.) 
Decodon verticillatus (L.) Ell 

Itea virginica L. 
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The members of this group are all shrubs of swamp and palustrine 
habitat and have been selected for use in our work with a view to 
bringing out the features of climatic control for plants which exist 
under a practically uniform set of soil-moisture conditions. Adelia 
is confined to the central portion of the Atlantic Coastal Plain. Itea 
occupies a similar area, but extends throughout the Coastal Plain as 
far north as New Jersey. Decodon is found in palustrine situations 
throughout the eastern United States, and Cephalanthus occupies a 
similar area with a remarkable westward prolongation of its range 
into southern Arizona and the central valley of California. 


11. MicropuHytious Desrrt SHruss. (PLATE 21.) 


Artemisia tridentata Nutt. 
Covillea tridentata (DC.) Vail (including C. glutinosa (Engelm.) Rydb.). 


These shrubs have been used in view of the fact that they are the 
most abundant plants in two of the most important of the desert 
areas. Artemisia is found throughout the Great Basin Microphyll 
Desert and extends beyond its limits to the east and northeast into the 
higher portions of the Grassland area. Covillea is the leading plant 
throughout the California Microphyll Desert and the Arizona and 
Texas Succulent Deserts, extending eastward into the Texas Semi- 
desert. 


12. Cacti.) : (PLATE 23.) 


Opuntia polyacantha Haw. (including closely related varieties). 
Carnegiea gigantea (Engelm.) Britton and Rose (=Cereus giganteus Engelm.) 


The species of cacti which have been used were taken as examples 
of this great group of stem-succulent plants, the former representing 
one of the most widely distributed of the species found in the United 
States, and the latter one of the most restricted of the species which 
is in any place an important element of the vegetation. Opuntia poly- 
acantha is found throughout the Grassland region, extending from 
southern New Mexico to the Canadian boundary and occurring in 
small areas in Washington. Carnegiea is limited to southwestern 
Arizona at elevations below 4,000 feet. 


13. CHARACTERISTIC COMPOSITES OF THE GREAT PuaIns. (PLATE 24.) 


Silphium laciniatum L. 
Solidago missouriensis Nutt. 
Gutierrezia sarothre (Pursh) B. and R. 


These suffrutescent perennials are found throughout the Grassland 
and Grassland-Deciduous areas and, in their range and relations to 
climate, may be taken as typical of a large number of similar plants. 
Silphium occupies the most easterly range of this group of plants, 


80 THE VEGETATION OF THE UNITED STATES. 


extending as far as Pennsylvania and Florida, with the suspicion of 
its having been introduced along its easternmost limit. Solidago is 
closely confined to the Grassland and Grassland-Deciduous Transition 
area, with a northwestward extension in regions of this type through 
southern Idaho and eastern Washington. Gutierrezia is found in the 
western portion of the Grassland and in the higher portions of all areas 
in the extreme southwestern portion of the country. In addition to 
its natural habitats, this plant is an extremely common one in all 
areas in which the original cover of grasses has been disturbed by 
grazing or other unnatural conditions. 


14, CHARACTERISTIC GRASSES OF THE GREAT PLAINS AND THE PRAIRIES. 
(PLATES 11 AND 25.) 
Bouteloua oligostachya (Nutt.) Torr. 
Bulbilis dactyloides (Nutt.) Raf. (=Buchlée dactyloides Nutt.). 
Keeleria cristata (L.) Pers. 
Agropyron spicatum (Pursh) Rydb. (=A. divergens Nees,=Festuca spicata 
Pursh. Not A. spicatum Scribn. and Smith). 
Hilaria jamesii (Torr.) Benth. 
Andropogon virginicus L. 
Bouteloua hirsuta Lag. 


Four of the members of this group of grasses characteristic of the 
Grassland and Grassland-Deciduous Forest Transition regions have 
already been used in constructing the map of cumulative occurrence 
of grasses (plate 12). The ranges of three other species are given in plate 
25. Agropyron and its allies have been selected because of their 
importance in the formation of the Grassland of the northwestern 
States, Hilaria because of its importance in the southernmost exten- 
sion of the Grassland and the Desert-Grassland Transition, and Andro- 
pogon because of its importance in the easternmost portion of the 
prairies of the Grassland-Deciduous Forest Transition. 


15. PaLustRINnE HersBaceous Piants. (PLATES 26 AND 27.) 


Sparganium americanum Nutt. (including S. americanum var. androcladum 
(Engelm.) Fern. and Eames). 

Dianthera americana L. 

Sium cicutefolium Gmel. 


These palustrine herbaceous plants are of interest for the same reason 
that has been mentioned in connection with palustrine shrubs. Spar- 
ganium is extensively distributed in the Eastern States, but its pre- 
cise range is not well known. Dvianthera is found in the eastern half 
of the United States south of Wisconsin and outside the eastern half 
of the Coastal Plain. Siwm is found practically throughout the United 
States, with the exception of the continental desert areas, its occur- 
rence throughout a large part of this region being extremely infrequent. 
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16. PALUSTRINE GRASSES AND SEpGEs. (PLATES 26 AND 27.) 


Arundinaria tecta (Walt.) Muhl. 
Dulichium arundinaceum (L.) Britton. 
Spartina michauxiana Hitchk. (=S. cynosuroides (L.) Willd.). 


While not strictly a plant of palustrine habitat, Arundinaria is 
found in moist alluvial soil and is of interest as one of the largest 
grasses found in the United States. Dulichium is distributed over an 
area very similar to that occupied by Sparganium, while Spartina 
occurs in palustrine situations throughout the northeastern portion 
of the country from Georgia, Oklahoma, and Wyoming to Canada. 


17. MistLeTors. (PLATE 28.) 
eee” cryptopodum Engelm. (=Razoumofskya cryptopoda (Engelm.) 
oville. 


Arceuthobium americanum Nutt. (=Razoumofskya americana (Nutt.) Kze.). 
Phoradendron flavescens (Pursh) Nutt. (including varieties). 
Phoradendron juniperinum Engelm. 


In view of the fact that the mistletoes are independent of the condi- 
tions which the ordinary terrestrial plant encounters in its relation to 
the substratum, a series of four of these plants has been selected for our 
correlational work. The moisture conditions of the substratum in 
which these plants grow are doubtless determined in large measure by 
the moisture conditions that exist for the hosts themselves. Phora- 
dendron flavescens, together with its varieties, possesses an extremely 
wide range from the Atlantic to the Pacific throughout the southern 
half of the United States. The other species that have been used are 
western in their range, and we have been under the unfortunate 
necessity of representing their areas of distribution by smooth lines 
which surround the territory in which they are of scattered occur- 
rence, chiefly in the forested mountains. 


18. Puants or NorTHERN TRANSCONTINENTAL RANGE. (PLATE 29.) 


Arenaria lateriflora L. (= Mcehringia lateriflora (L.) Fenzl. 
Parietaria pennsylvanica Muhl. 
Cornus canadensis L. 


The two herbaceous plants and the single shrub which form this 
group extend entirely across the North American continent and range 
southward to different distances, the southernmost range being that of 
Parietaria. Cornus is the least southerly in its range in the Eastern 
States, but is the most southerly in California. Transcontinental 
ranges of this character are extremely abundant among plants of still 
more northerly distribution than these, a number of trees and shrubs 
being found almost continuously from Labrador to Alaska. We are 
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here concerned solely with the southern limits of distribution of these 
plants, all of which range northward into the forested belt of Canada. 


19. PLants or SOUTHERN TRANSCONTINENTAL RANGE. (PLATE 30.) 


Spermolepis echinata (Nutt.) Hell. 
Daucus pusillus Michx. 
Parietaria debilis Forst. (=P. floridana Nutt.) 


Similar ranges extending from the Atlantic to the Pacific are found 
in the case of a few herbaceous plants which grow and mature during 
the different portions of the year in different parts of their transcon- 
tinental ranges. Daucus extends from North Carolina through 
Louisiana, Texas, and California, and up the Pacific coast to Washing- 
ton, although it is relatively infrequent at the extremes of this range. 
All of these plants extend beyond the limits of the United States and 
we are able to investigate only the northern limits of their distributions. 


20. HerBacEous PLANTS OF SOUTHWESTERN RANGE. (PLATE 31.) 


Kallstroemia grandiflora Torr. (=Tribulus grandiflorus Wats.). 
Cladothrix lanuginosa Nutt. 

Pectis papposa Harv. and Gray. 

Euphorbia serpyllifolia Pers. (=Chamesyce serpyllifolia (Pers.) Small. 


A small group of plants has here been selected as representing types 
of distribution applying to a very large number of plants in the south- 
western arid regions. Cladothrix, Kallstremia, and Pectis are all con- 
fined to the extremely warm regions of Texas, New Mexico, and 
Arizona. Euphorbia is found throughout the western half of the 
United States in varying abundance. 


21. HERBACEOUS PLANTS OF CENTRAL DISTRIBUTION (NYCTAGINACE2). 
(PLATE 32.) 
Beerhaavia erecta L. 
Oxybaphus nyctagineus (Michx.) Sweet (=Allionia nyctaginea Michx.). 
Oxybaphus angustifolius (Nutt.) Sweet (=Allionia linearis Pursh). 
Oxybaphus floribundus Chois. (= Allionia floribunda (Chois.) Kze.). 


In view of the fact that we have been concerned in so many cases 
with only one of the two edges of distribution of plants, we have here 
selected a group of central occurrence so as to make it possible to 
investigate the conditions of their eastern and western limits. Mem- 
bers of the same family have been chosen in this case because of the 
desirability of working out the behavior of a group of plants which are 
closely related in growth-form as well as in taxonomic relationship. 
Boerhaavia is found in the extreme south from Georgia to Arizona 
while the other species of this group have their main regions of oneure 
renee in the Grassland and Grassland-Deciduous Forest Transition. 
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22. PAIRED SPECIES OF EASTERN AND WESTERN RANGES, RESPECTIVELY. 
(PLATE 33.) 
Flerkea occidentalis Rydb. 
Fleerkea proserpinacoides Willd. 
Trautvetteria grandis Nutt. 
Trautvetteria carolinensis (Walt.) Vail (=T. palmata Fisch. and Mey.). 
Cebatha diversifolia (DC.) Kze. (=Cocculus diversifolius DC.). 
Cebatha carolina (L.) Britton (=Cocculus carolinus (L.) DC.). 


There are a few cases in the flora of the United States in which a 
genus has two species, one of which is eastern and the other western 
in range. We have selected the paired species of each of the three 
genera, Flerkea, Trautvetteria, and Cebatha, with a view to investigating 
the climatic conditions characteristic of the present separated ranges 
of these pairs of closely related plants. There is some doubt in the 
case of the two species of Flerkia as to their specific distinctness. The 
two species of Cebatha apparently overlap in central Texas, whereas 
the other two species are widely separated. 
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INTRODUCTION. 


The physiological point of view has been constantly held before us, 
as has been said, in planning and carrying out the complicated com- 
parisons and correlations with which the present publication deals. 
Part I shows how the numerous vegetation features employed by us 
were derived, emphasis being placed on the physiological character- 
istics of the plants considered. Part II deals with the principles and 
methods by which the climatic features that we have used were selected, 
and shows how the requisite numerical computations were made and 
how the maps were prepared. This selection had to be based, as 
has already been indicated, upon two different kinds of circumstances: 
the physiological importance of the climatic features (as these are 
known to influence plant activity in general) and the availability of 
climatic data suited to our purposes. These matters will be set forth 
under three general headings: (I) general influence of the environment 
on plant life; (II) chief environmental conditions and the general 
nature of their effects upon plants; and (III) climatic conditions of 
the United States. The first two of these sections are mainly physio- 
logical-ecological in nature and are general in their scope; the last 
is mainly climatological-ecological and deals with the actual climatic 
data employed in our researches. 
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GENERAL INFLUENCE OF THE ENVIRONMENT ON PLANT 
eles 


I. EXTERNAL AND INTERNAL CONDITIONS AND PLANT ACTIVITY. 


The behavior of any plant is said to be controlled by the surround- 
ing conditions, variations in these being the stimuli, or causes, which 
produce in the internal, physiological complex of the organism various 
responses or effects. Such responses are, however, quite as dependent 
upon the nature of the responding organism as upon the nature of the 
stimuli. With the same set of environmental conditions different 
plants behave differently, merely because their internal conditions 
differ, and with unlike environmental complexes plants of the same 
form exhibit quite different behaviors. The behavior of plants in 
general thus depends upon two interacting sets of conditions, the one 
set being external and the other internal. The latter set of conditions 
makes up, of course, the nature of the plant and serves to define it 
physiologically. These internal factors determine the ability of the 
organism to respond to exposure to any given constant external 
condition, or to any given change in any condition, and they also 
determine the extent of such responses. A plant might be rigorously 
defined by means of these powers or capabilities to respond to stimuli, 
and it is some of these powers that are, indeed, unconsciously used by 
taxonomists in their descriptions; but, although certain groups of the 
bacteria are now described by conscious reference to their physiolog- 
ical properties, the physiological nature of the taxonomic description 
in botany may be said hardly to be generally recognized as yet. 

As a plant develops, its internal conditions pass through a series of 
more or less profound alterations, and the different developmental 
phases of the same plant often show greater divergency in response to 
the same environmental complex than do the corresponding phases of 
distinct plant-forms. Thus, environmental conditions that are favor- 
able to seed germination or to vegetative growth may be markedly 
unfavorable to the production of flowers or fruit. It follows that for 
the best growth and reproduction of many forms the external conditions 
must vary from phase to phase as growth proceeds. This is one of 
a number of considerations that make for great difficulty in the incep- 
tion of any satisfactory quantitative study of the relation of external 
conditions to the characters of individual plants and of vegetation in 
general. 

A second consideration that enormously complicates our problem 
is this, that the response, or effect of the external system upon the 
organism, is definitely dependent upon the duration of the component 
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conditions that make up the environment. Considerable time is 
required for most responses, and a momentary alteration in the envi- 
ronment may often pass without apparent effect upon the plant. 
Thus, outside of the time factor, the necessary and sufficient conditions 
for the production of those changes in manner of growth that are 
termed etiolation are present every night, but these conditions are 
not effective over a long enough period of time to result in visible 
responses. In the study of any external factor or complex of factors 
it is logically necessary and inevitable that the time element enter 
seriously into consideration. 

Physiologists have found it advantageous to analyze the environ- 
ment into its component conditions or factors. While some factors 
have so far received but a minimum of attention, a large amount of 
reliable information is already at hand bearing upon the effects pro- 
duced by the action, over various time intervals, of different intensi- 
ties of heat, light, oxygen-supply, etc. The method of such deter- 
minations has been to hold all factors but one as nearly constant as 
possible, and to cause various selected intensities of this one factor to 
register their effects upon the plant, in the form of alterations in 
growth or other activity. 

But this study of the simple component factors of the environment 
is only the learning of the alphabet, and the task of really reading 
the book of plant phenomena in the light of cause and effect still rests 
with the future. We are already well aware, in a general way, that 
the responses brought about in the organism by a certain quality, 
intensity, and duration of any external factor are totally dependent 
upon the nature of the other concomitant factors which are comprised 
in the environmental system. For example, a given increase in the 
rate of water-supply may fail to produce any marked acceleration 
of growth in certain forms existing under excessive drought conditions, 
but if the increase in soil-moisture be accompanied by a decrease in 
the evaporating power of the air, growth response may be immediate 
and definite enough.! Again, the agriculturist is well aware that with 
many soils an increase of the nitrate content is without full effect unless 
other salts are simultaneously added. In such cases the result of 
these several increases together is not generally a simple summation 
of the results obtained by the single additions separately. 

While a large amount of laboratory experimentation of the most 
refined physical sort will be required before we shall even approach 
an adequate knowledge of the influence of single conditions upon 
plants, the far more difficult study of the complex environmental 
system of which these single conditions are always components has 
already begun to attract attention. It seems safe to predict that the 
line of work thus started will rapidly gain in prominence, and it is 


1Livingston, B. E., Evaporation and Plant Development, Plant World, 10: 269-276, 1907. 
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conceivable that plant physiology may eventually work out the 
principles whereby the behavior of plants may be one day explained, 
predicted, and controlled. This is, of course, the hope of ecology and 
of the developing science of plant-culture. It is our aim in the present 
chapter to present merely a tentative outline of the general and more 
superficial relations that apparently obtain between the plant and its 
environmental conditions. No attempt is here made to make our 
consideration logically complete, either from the standpoint of physical 
causation or from that of the plant kingdom in general; attention is 
mainly turned upon some of the most obvious physiological considera- 
tions and upon the behavior of ordinary vascular land-plants. 


I]. THEORY OF PHYSIOLOGICAL LIMITS. 


In an etiological study of plant distribution, either natural or 
artificial, the conception of physiological limits must hold a very prom- 
inent place. We understand by this term the extremes of intensity, 
etc., in a given factor which a certain plant can withstand. Starting 
from the optimum intensity of heat for any plant, for example, we 
may reduce the temperature till death ensues, thus attaining the 
minimum temperature limit for life. If the temperature be increased 
sufficiently above the optimum, another death-point is reached, the 
temperature maximum. The plant is thus able to retain life only 
under temperature conditions that fall within these physiological 
limits. With some other factors a similar pair of limits can be deter- 
mined; with many, however, only a single limit exists. For example, 
a submerged aquatic possesses a definite minimum rate of water- 
supply, but it is impossible to produce death or injury by increasing 
this rate even to its physical limit, as by surrounding the entire plant 
with water. It is obvious that in such a case there exists no maximum 
limit for life. Cases where there is a well-marked maximum but no 
minimum are also frequent, most toxic substances furnishing examples 
of this. Plants live normally in utter absence of these substances; 
they also live normally in their presence, so long as the amount sup- 
plied does not surpass a fixed maximum limit. 

Life is able to proceed, then, in any particular plant, only so long 
as the external conditions do not surpass the physiological limits for 
the life processes of the form considered. In different plants and in 
different developmental phases or stages of the same plant these 
limits may be very different, so that an environmental complex that 
inhibits life in one phase or form may allow healthy activity in another. 
It is mainly in accord with this generalization that distinct climatic 
areas are characterized by corresponding types of vegetation, and the 
principle is therefore probably of primary importance in the study of 
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The generalization just mentioned is very greatly complicated, as 
has been indicated, by the variations and fluctuations in the internal 
physiological conditions as development proceeds. The limits for 
life are often very different in the various developmental phases of 
the same form. Thus, mature seeds of many temperate and boreal 
annuals show temperature minima far below the freezing-point of 
water, while the vegetative phases of the same forms may succumb to 
the first frost. Winter buds of northern deciduous trees possess high 
powers of resistance to low temperatures, while summer buds of the 
same plants may not bear temperatures as low as the centigrade zero. 

Besides the variations in limits of growth and life in different phases 
of the same form, it must be remembered that, in any phase or at 
any time in the life of the organism, there are a number of different 
processes going on, such as photosynthesis, respiration, digestion, 
secretion, and the like, each of which has its physiological limits, and 
the limits for one process are frequently not at all the same as for 
another. In general, the pair of limits that characterize these simpler 
processes, which together make up the vegetative or reproductive activ- 
ities of a plant, are much less widely divergent than those for the mere 
retention of vitality itself. By retention of vitality we probably mean 
the occurrence of the life processes at their lowest intensity, an inten- 
sity that is just sufficient to maintain life, though this expression may 
be taken in a general way to denote simply the power of initiating the 
various more vigorous and obvious processes when conditions become 
right. Seeds retain their power to start the germination processes 
for long periods of time under conditions that preclude germination 
itself. Again, with increasing scarcity of water or lowering of temper- 
ature, the growth processes of all plants are sooner or later brought to 
a standstill, long before death ensues. Moisture conditions that are 
optimal for vegetative growth frequently prevent the production of 
fruit, so that gardeners make it a practice, with the coming of the 
flowering-time in many plants, to diminish the water-supply. 

That the factor of time enters into the determination of physio- 
logical limits is obvious. Many plants are able to survive a short 
period with the soil about their roots in a saturated condition, but 
succumb to a longer period of exposure to a saturated soil. Numerous 
forms retain their vitality through long periods of drought, when the 
soil is nearly air-dry, but if the dry period is sufficiently prolonged 
death is the inevitable result. As has been mentioned, general 
growth is not noticeably affected by the regularly recurring nocturnal 
period without illumination, but etiolation becomes marked, and: 
various other pathological conditions are induced when ordinary 
plants are kept in continuous darkness for but a few days. In phys- 
ical terms this means merely that the effects of any set of external 
conditions upon the plant are always cumulative and are exaggerated, 
In one way or another, with the lapse of time. 
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A combination of the time factor and that of intensity is, frequently 
if not always, the effective condition which determines the success or 
failure of plants in nature. With a somewhat rapid alternation of 
favorable and unfavorable conditions, where the unfavorable factors 
for any short period do not in themselves at first produce death, the 
organism may generally lose its power of resistance and finally go to 
the ground. In regions where such rapid fluctuations in the intensity 
of external conditions occur, the natural vegetation must necessarily 
comprise only those forms which can bear this sort of fluctuation. 
Alpine plants are reputed to be especially resistant to the great daily 
ranges of temperature that occur in their habitats, and many plants, 
such as lichens and certain liverworts and club-mosses, exhibit a high 
power of resistance to repeated wetting and drying-out. 

The limits for life, growth, or reproductive activity (the latter a 
sort of growth) define the resisting power of an organism in respect to 
the particular condition considered, and, by maintaining the quality 
and intensity of the other environmental factors and causing the one 
in question to vary, the range between the limits for that one may be 
more or less approximately determined. But, with two or more 
factors varying at the same time, the problem of physiological limits 
becomes much more difficult. The study of the behavior of plants 
when several factors are simultaneously in a state of change has, as 
we have pointed out, only just begun. We may be sure, however, 
that the resisting power of a plant to any single condition will prove 
to be markedly influenced by other concomitant conditions. The 
antagonistic action of certain salts, such as those of calcium and 
magnesium, in the work of Loew, Osterhout, and others, is a case in 
point, as is also the well-known fact that, by a degree of desiccation 
that does not surpass the death-limit, the power of many organisms 
to withstand both high and low temperatures is markedly increased. 
The common experiment comparing the effect of high and low temper- 
atures upon dry and moist seeds is a clear illustration of the latter 
case; within limits, the less water a seed contains, the more freezing 
or heating it can bear without losing its vitality . 


Il]. RELATION OF PLANT DISTRIBUTION TO THE PHYSIOLOGICAL 
LIMITS OF THE VARIOUS DEVELOPMENTAL PHASES. 


Each plant-form, each developmental phase, and each physiological 
process exhibits a minimum or a maximum, or both, for each of the 
environmental factors, these limits depending, of course, on the other 
conditions that prevail within and without the plant. Whenever an 
environmental factor falls below the minimum for life, in either quality, 
intensity, or duration, the annihilation of the organism of course 
ensues. A like result follows any increase above the life maximum. 
It is only with each of the environmental conditions falling between 
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its respective life-limits, under the given set of relations between 
the other conditions, that a plant can exist at. all.t But the mere 
existence of a given plant-form, its mere retention of vitality, is not 
sufficient to give it a permanent place in the vegetation of a given 
region; each plant must pass through various developmental stages, 
must come to maturity, and must reproduce. Since the intensity lim- 
its for the retention of life do not approach each other so closely as do 
those for growth and reproduction, it is easy to understand that the 
duration of the different intensities or qualities of certain factors 
must determine whether or not a given form may come periodically 
to maturity in any region. Though the lower temperature limit for 
life in seeds, bulbs, rhizomes, and the like, and in resistant perennials, 
is not attained in the temperate and boreal winter, yet the *emperature 
conditions for growth and the production of fruit obtain only in the 
summer season. Similarly, the moisture conditions in a desert fall, 
for the greater portion of the year, below the minimum for the growth 
of many desert shrubs, these producing new leaves and flowers only 
in and immediately following the rainy seasons. The same is true of 
root and bulb perennials and of those annuals which succeed in the 
desert. It is thus seen that, in regions characterized by an alterna- 
tion of seasons of plant activity and of dormancy, the lengths of the 
seasons of activity must determine whether or not the plant repro- 
duces adequately; and since adequate reproduction is essential to the 
maintenance of the form in the given region, this length of season 
must determine whether that form succeeds or fails. 

While a mature plant, or a portion thereof, may exist in a relatively 
inactive condition for a long period of time, in an environment whose 
factors le without the limits for most forms of activity (but within 
those for the retention of life), the resisting power thus evidenced is 
usually of but a low order when compared with that exhibited by ripe 
seeds or spores. From a physiological point of view such bodies 
represent merely a certain phase in the development of the plant, a 
phase in which the life processes are even more in abeyance than during 
the dormant periods of the mature form. An annual may play a very 
important réle in the vegetation of a region, although during the greater 


It is of course to be borne in mind, in this connection, that an alteration in one environmental 
condition may result in death simply by causing one or more of the vital processes to be so 
greatly accelerated or retarded that the other given external conditions, although they have not 
been changed, become fatal. Thus, while a given rate of water-supply may be sufficient for life 
and growth under a low evaporating power of the air, an increase in the evaporation-rate, 
unaccompanied by a corresponding increase in the rate of supply, may result in death. Had the 
rate of water-supply been adequately increased as the transpiration-rate rose, such a plant might 
have survived. It is frequently said that in such a case death is due to a condition which was 
not altered. This simply means that internal conditions have been changed, so that an environ- 
mental factor heretofore favorable to life becomes unfavorable, without itself changing. It is 
in this connection that the ‘‘law of the minimum”? of agriculturists has been developed. (See: 
for example, E. J. Russell, Soil conditions and plant growth, Third ed., London, 1917, chap. II. 
Also see: F. F. Blackman, Optima and limiting factors, Ann. Bot. 19: 281-295, 1905.) 
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portion of the year the environmental conditions surpass the limits for 
both growth and life in the plant itself; the conditions in their adverse 
period do not surpass the limits for the retention of life in the seed. 
During a comparatively short period the environment may allow 
germination, growth, and the production of more seeds, and this 
short’ growing-season, together with the bridging of the adverse period 
by dormant seeds, constitute the conditions that are necessary and 
essential in order that such a plant may maintain a permanent place 
in the vegetation of its region. 

External conditions frequently surpass even the life-limits of many 
seeds; in such cases it must, of course, follow that the plant can not 
become a permanent part of the natural vegetation. This is probably 
true of the majority of cultivated plants that do not volunteer in the 
second season. A tropical plant, such as the castor-bean, may make a 
luxuriant growth in the temperate summer, but its seeds must be pro- 
tected through the winter and sown each spring. 

In general, the natural plants of the temperate and frigid regions 
must necessarily experience a longer or shorter period, usually each 
year, with proper conditions for growth and reproduction, and they 
exist through the adverse periods in some dormant phase. Not only 
must the conditions of the active period lie within the limits for growth 
and reproduction, but the period itself must be of adequate length, 
otherwise the necessary amount of growth could not take place, and 
fruit would not be matured. The principle that a plant, to become 
a part of the permanent vegetation of a locality, must have an adequate 
growing-season and must not meet its death during the remainder of 
the year, must be regarded as fundamental to the study of all problems 
dealing with the study of plant behavior under natural conditions. 
This principle is commonly accepted, though perhaps seldom formu- 
lated. 

With regard to any geographical area or region, we may conceive 
that all plants may succeed therein, for which the physiological limits 
for life and those for growth and reproduction do not approach each 
other more closely than do the extremes of the physical conditions in 
the respective seasons for the given region. This view has led toa 
form of analogy which may be termed the sieve conception of environ- 
ments. According to this, we may regard the physical conditions of 
the surroundings as resembling a sieve or screen, with meshes of a 
certain magnitude, through which, as we may imagine, will pass only 
those successful forms which withstand the most adverse conditions 
of the environment. The analogy is but roughly applicable ; to make 
it more so we may suppose that the size of the meshes in our screen 
is continually changing throughout the year, while the size of the 
imaginary particles which are to be screened are also undergoing 
continuous change with the advance of the organism from phase to 
phase of its development. With the progress of the season the con- 
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ditions change and the powers of resistance also vary. Thus modified, 
the sieve analogy becomes unwieldy and does not aid us very much in 
our thinking. 

Since the behavior of a plant is nothing but the summation of the 
behaviors of its active parts, and since all higher plants exhibit, at 
any given phase in their growth, various gradations in the activities 
of their different tissues, it follows that any adequate consideration 
of the physiological limits of plant activity as a whole must be ex- 
ceedingly difficult. It is therefore impossible, in the present state of 
our knowledge, to treat the question of complex limits quantitatively. 
The best that may be done in the discussions which follow is to attempt 
to bring together a series of confessedly incomplete and exceedingly 
inadequate treatments of the main environmental factors and their 
general mode of action upon ordinary autotrophic land-plants. 


IV. GENETIC CONTINUITY OF PROTOPLASM AND ITS CYCLIC ACTIVI- 
TIES, IN CONNECTION WITH PROBLEMS OF DISTRIBUTION. 


In the preceding sections of this chapter the general terms of the 
problem of plant distribution have been presented in the words of the 
present-day physiology of plant organs. There can be little doubt 
that the day of this organic physiology is about to pass. It has been, 
of necessity, mainly descriptive and has not concerned itself prima- 
rily with the details of the actual causes of plant response and their 
mode of action, but there is already a strong tendency to turn attention 
from the description of plant organs and their responses to the physical 
causation of these, a development of physiology which bids fair to 
place this branch of science on the same quantitative etiological basis 
as that upon which physics and chemistry are now working. From 
the eurrent literature of plant distribution and of ecology in general 
it is suggested that many workers in this field have so far failed to 
realize the present status of the physiology which lies at the base of 
all ecological facts. Ecology, which was at first regarded as a purely 
descriptive study, a mere cataloging of relatively superficial descrip- 
tions of phenomena and a classification of these, was an outgrowth of 
taxonomy. But it has advanced with more rapidity, perhaps, than 
any other branch of science, and it has already accumulated enough 
descriptions so that a beginning at least in the study of cause and effect 
has been made. Such a study must, by the very nature of its subject- 
matter, take account of all the contributions so far made by physiology 
towards an etiology of plant phenomena in their broader aspects. For 
a long time the physiology of organs must be the basis of ecological 
considerations, and it is with this in mind that we have taken the 
principles of organic physiology as the basis of our discussions. We 
have consciously avoided such ideas as that of purposeful adaptation 
and other teleological conceptions, still too common in botanical writ- 
ing—with what success the reader will best be able to judge—and have 
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aimed to place our treatment of plant distribution on a basis as free 
from anthropomorphic conceptions as is that of physiography, a 
science with which plant geography must always be closely related. 

But the modern trend of physiology, with its application of the 
methods and findings of physico-chemistry and its tendency to seek 
explanations of all phenomena in the properties of matter and energy, 
offers to the study of distribution at least one conception which goes 
far to simplify the logic of physiological limits and their modes of 
variation. The present section will deal with this conception. 

From the standpoint of general physiology, the reproductive activ- 
ities are to be regarded as a special form of growth. The protoplasm 
of any species is a continuously existing thing, to be likened, perhaps, 
to a river, in which the material particles are ever changing and of 
which the form, course, activities, etc., show a continuous variation. 
The channel of our river moves from place to place within the limits 
of its valley; the river accomplishes much work of excavation and the 
like at certain seasons of the year; at other seasons it is inactive and, 
in the arid regions, often disappears from sight completely, flowing 
only underground. In the latter condition we may perhaps speak of 
it as dormant. Following this analogy, the living substance of any 
species may be thought of as continually existent, but varying widely 
in situation, amount, activity, etc., with the ever-fluctuating physical 
conditions within and without its mass. Thus the conditions for 
the success or failure of any species in any region or habitat are that 
its protoplasm be indefinitely maintained in that area, and that the 
various cyclic phases of physiological activity follow one another in a 
certain order. By such a conception we are enabled to generalize 
without the complication incident to the special consideration of the 
reproductive activities. 

Serutinized in this manner, the individuals of a given plant-form 
are seen in somewhat the same light as are the buds of an indefinitely 
growing perennial, such as a tree. These buds are continuously dying 
and being formed, but the system of growing-points which make up 
the tree possesses form, size, etc., and maintains itself throughout 
years. Growth here consists partly in the approximate replacement 
of parts which have been destroyed by the action of adverse condi- 
tions, and partly in an actual increase in the number of growing-points 
comprised within the entire system. 

By this sort of generalization we may bring all plant-forms into the 
same broad category, as far as the general influence of external con- 
ditions is concerned. The protoplasm of any species, in any region, 
passes through variously active and dormant phases with the march 
of the seasons, the success of a species requiring that there be, at least, 
no progressive and permanent decrease in the number of growing- 
points or individual groups of active cells. But there may occur, and 
usually do occur—outside the tropics at any rate—great periodic 
fluctuations in the number and activity of these biotic units. 
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Plant protoplasm may be said to pass through alternating phases or 
stages of diastole and of systole. In the condition of diastole it is very 
active, increasing rapidly in amount and extending and altering its 
configuration to a remarkable degree. These changes are due directly 
to numerous physico-chemical processes and energy transformations 
which, during the period of this phase, are quite violently active. In 
the condition of systole, on the other hand, the various characteristic 
life processes are at a low ebb, some of them being apparently alto- 
gether abated. The mass and extent of the protoplasm falls off more 
or less markedly, in the death of many parts which were previously 
the seats of vigorous activity, and in many cases the whole organism 
practically fails to exhibit any form of life at all. This rhythmic 
pulsation is of course immediately due to internal conditions, but the 
latter are, in turn, to be causally related either to changes in the envi- 
ronment or to effects of a constant environment summed or integrated 
by the organism. 

While the point of view just suggested is not at all new, and has 
been of great service to some students of heredity, we are not aware 
that it has been resorted toin studies of the influence of external con- 
ditions upon the maintenance of plant population in a distributional 
sense. It seems to promise such utility as a logical tool that we venture, 
in the following paragraphs, to outline the behavior of some of the 
main plant types in terms of this conception. 

Attention may first be directed to the case of a perennial which 
propagates vegetatively, omitting for the present any question as to 
whether seeds are produced. An excellent example of this is seen in 
several forms of much-branched cylindrical opuntias, as the various 
‘“‘cholla’’ cactus-forms of the North American Southwest. By the 
action of various agencies, such as wind and animals, short branches 
are easily broken off from these plants, and are widely distributed by 
the operation of the same agencies and by that of flood-water. Under 
favorable conditions these fragments possess the property of taking 
root and forming new plants. Such may be regarded as the simplest 
form of species maintenance, and it is of course the rule among the 
lowest forms of plants. We have here to do with the mature plant at 
all times, the only complication in vegetative phases lying in the fact 
that roots are produced and proceed with their characteristic activ- 
ities under the peculiar conditions offered by the dispersal of the joints. 
With the coming of each favorable season, mainly defined by condi- 
tions of moisture and temperature, growth in size occurs in numerous 
branches, some of the latter being portions of larger plants, while others 
lie singly upon the ground. By the action of adverse conditions many 
branches are destroyed, but enough survive apparently to maintain 
the status of the species in the vegetation of its area. During the year 
great fluctuations occur in the quality and intensity of the environ- 
mental factors; periods of extreme drought and heat, periods of drought 
and cold, periods of abundant moisture and either high or low tem- 
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peratures, follow one another in unending succession. In certain 
periods foliage is produced and growth proceeds with rapidity; in 
others the leaves disappear and growth is retarded or checked; in 
still others nearly all activities cease and the branches remain dormant 
till the return of conditions favorable to growth. 

Ina manner similar to the above, we may consider all perennial forms 
that maintain themselves or spread by vegetative propagation, as in 
the case of those with underground branches, rhizomes, stolons, divid- 
ing-bulbs, and the like. In a form like Solomon’s seal (Polygonatum), 
vegetative propagation is very important; a single rhizome may give rise 
to numerous new growing-points (by means of branching), which eventu- 
ally become separated from the parent rhizome with the decay of the 
connecting portions, so that, if time suffices, a considerable area may 
be occupied without other activity than this purely vegetative one. 

Of course bulbs, tubers, and the like are to be regarded as plant 
phases which are characterized by dormancy and highly resistant 
properties, for which the physiological limits are widely separated. 
There occur all gradations in stem and bud vitality between the bulb 
or tuber and the great deciduous or evergreen tree, all agreeing in 
the essential point that with the coming of adverse conditions they 
undergo a check in their activities. The deciduous forms lose a large 
proportion of all of their vegetative organs. All these forms remain 
alive but dormant till the return of the growing-season. 

A second example may be taken from those tropical forms which 
reproduce by seeds, but in which vivipary vaults the resting-period 
usually so characteristic of the seed. A history of the activities in the 
mangrove, for instance, might run somewhat as follows: In the mature 
phase of this plant there are manifested cell activities which result 
in the dormancy of many cells. Some of the dormant cells, the eggs, 
are capable of resuming growth in size under certain conditions, the 
main condition being the entrance of protoplasmic material from 
another cell; that is, the occurrence of fertilization. If fertilization 
takes place, and this is to be looked upon as merely one of the environ- 
mental changes which act upon the plant in its cycle of developmental 
phases, then the ovum develops into an embryo and continues growth 
without any marked pause or resting-stage, forming ultimately a new 
plant. External conditions must furnish stimuli by changing in quality 
or intensity at various times in this development, one of the most 
special of which is the falling of the germinated seed into the mud below. 
We see in such forms all the usual phenomena of production by seed, 
but the pronounced dormant phase of the majority of seeds is omitted. 
However, unless the embryo root reaches the mud of the substratum 
(which signifies pronounced environmental change) the cycle of 

h is checked. 
aa example may be chosen from among the plants which 
reproduce through seeds, but in which parthenogenesis bridges the 
interruption which usually precedes the formation of the embryo 
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from the mature egg. Here no external change is apparently required 
to induce the ovum to proceed to the embryonic phase, but the embryo 
finally reaches a resting-stage, where growth activities are checked. 
Other alterations in the internal conditions of the dormant phase 
which we term a seed often require a prolongation of the resting- 
period, but, in any event, before active growth in size is again manifest 
definite changes in the external complex are required; the seed must 
absorb water to a certain degree, the temperature and rate of oxygen- 
supply must fall within the limits for germination, and various other 
conditions must be fulfilled in order that the embryo may emerge from 
its dormant state. 

The dormant phase of the mature egg is omitted or very much 
reduced in parthenogenesis, that of the seed in vivipary. The periods 
of rest, or of internal conditions adverse to growth, often coincide with 
periods of adverse external conditions, and the dormant tissue usually 
possesses high powers of resistance to the latter. This is a consider- 
ation the importance of which, in general climatic behavior and 
distribution of plants, can hardly be overestimated. 

Our fourth and last example is taken from the great majority of 
plants, where fertilization is necessary and a more or less prolonged 
period of dormancy intervenes between the maturation of the seed and 
germination. The annual plant perhaps illustrates this sort of rhyth- 
mic activity in its simplest form. Germination occurs in the spring, 
when temperature, moisture-supply, etc., are favorable for this kind 
of growth. Later, the various developmental phases follow each other 
with more or less pronounced alterations in the external conditions, 
and when seeds have been matured the parent plant dies. This final 
death may occur because of the action of internal conditions, perhaps 
connected with the ripening of the seed, or because of the action of 
external factors, such as drought or frost. But the dormant phase 
represented by the seeds is highly resistant, and these bodies carry 
the living protoplasm forward through the winter of adverse condi- 
tions to the beginning of a new cycle of activity. 

The general conception outlined above may be expressed briefly to 
the effect that each particular sort of plant protoplasm (form, species) 
is indefinitely perennial, ever passing through repeated cycles, ever 
changing in internal nature from one developmental phase to 
another, growing, fragmenting (as in reproduction of all sorts), resting 
in a dormant condition, and always again taking up the endlessly 
repeating series. Of course our conception of the repetition here 
involved must be broad enough to include such alterations from 
cycle to cycle (variation, mutation, etc.) as the study of evolution 
demands for the origin of new forms from old. This mode of contem- 
plating plant activities should be as valuable in physiology and ecology 
as has been the conception of the alternation of generations in the 
descriptions of the consecutive steps in plant phylogeny. 


CHIEF ENVIRONMENTAL CONDITIONS AND THE GENERAL 
NATURE OF THEIR EFFECTS UPON PLANTS. 


I. GENERAL CLASSIFICATION OF ENVIRONMENTAL FACTORS. 


The environmental conditions that are commonly most potent in 
the determination of plant development, and that therefore appear 
most Important in distribution, may be classified under the following 
headings: (1) Moisture conditions; (2) temperature conditions; 
(3) light conditions; (4) chemical conditions; (5) mechanical conditions. 
The present section will be devoted to a brief summary of the nature 
and effects of these factors as they vary in quality, intensity, and dura- 
tion. No attempt is made to denote more by the order of items in 
the above list than a very general estimate of the relative importance 
of the various factors as they are usually operative in limiting plant 
distribution. There is, of course, nothing to be gained in a discussion 
of the relative importance of a number of factors, all of which are 
necessary in order that a given phenomenon may occur. Such con- 
sideration were as bootless as a discussion of the relative importance 
of the hub, spokes, felloes, and: tire of a wheel. The reader is there- 
fore requested to make nothing of our order of arrangement. 

Students of ecological plant distribution have usually classified these 
sets of conditions according to their origin or source, rather than 
according to their mode of physically affecting the plant. Thus, the 
literature contains many references to climatic and edaphic condi- 
tions, physical and biotic ones, and the like. Such groupings seem, 
however, not to have led much farther than to the mere description 
and arbitrary classification of distribution conditions, and, since by 
their very nature they point to the causes of the factors imme- 
diately involved rather than to the real nature of these factors or their 
effects upon the plant, they promise little for our present purpose. 
Thus, shade produced by a natural rock arch or overhanging cliff may 
be impossible of physical or physiological differentiation from that 
produced by a tree; yet the former is said to be a physical factor and 
the latter a biotic one. Again, the mechanical relation of the physical 
separation of plant and soil, together with the accompanying ruptures 
and lesions of the plant tissues, might arise equally well from the 
action of animals (a biotic factor) and from that of wind or torrential 
water (undoubtedly physical factors). In a study of the ultimate 
causes that bring the proximate, effective factors into being, such 
classification has its value, but in such studies we have assuredly left 
our field of plant distribution for the adjoining one of climatology, 
physiography, and the rest. In the beginning it appears more promis- 
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ing, because simpler and logically more direct, to attend strictly to the 
various factors as they actually affect the plant, leaving the analysis 
of the sources of these factors to other studies, perhaps at a later day. 
We shall here consider only the proximate determining conditions in 
plant behavior and distribution, merely mentioning a few points bear- 
ing on the more remote determination of these controlling conditions, 
which are available from researches in climatology and other fields. 
Since every effect upon the plant must be supposed to be directly 
traceable to conditions that previously prevailed within and without 
the organism, and since we make no attempt here to analyze the 
various physiological processes that constitute the varied plant re- 
sponses, it has been deemed best in these considerations to regard as 
an external condition or factor any status of the processes of the ex- 
ternal world that directly influences changes within the plant. Many 
logical difficulties arise here, as is usual when any attempt is made to 
subdivide a continuous series into regions, and the only satisfactory 
method of procedure is to subdivide the series into arbitrary portions, 
being sure to define the limits chosen, Thus, for ecological purposes 
it seems quite as undesirable at the present time to enter into the 
exceedingly complex physiological considerations involved in a study 
of the details of plant activities as these are controlled by conditions 
as it is to take up in detail the more remote causes which bring the 
various effective conditions into existence. This logical difficulty 
arises, of course, from the fact that the plant is not an independent 
system, but is perfectly continuous with the universe about it; the 
classification, into external and internal, of the conditions determin- 
ing chemical and physical changes within the plant, is at best but a 
subjective affair with the mind that classifies. Whether a given con- 
dition is to be taken as external or internal will always depend largely 
upon the previous experience and point of view of the observer, upon 
his internal conditions. For the present needs it seems desirable 
to base our arbitrary definition of the controlling factors upon the 
spatial limits of the plant-body as ordinarily considered. Thus we 
define as effective external conditions all phases of universal progress 
outside the plant-body which directly affect the latter in such a 
manner as to produce alterations in the chemical, physical, and 
physiological processes that occur within. An example may illustrate 
this. The passing of a given region of the earth’s surface from shadow 
into sunlight at dawn is not a condition immediately effective upon 
plant processes, nor is the influx of radiant energy to the surfaces of 
objects in the vicinity of the organism. The plant-body is first affected 
in this case when there occurs an increased rate of transmission of light 
or heat energy through the periphery (or a decreased loss of heat, which 
amounts to the same thing as an increased income), so that some 
substance actually a part of the plant-body becomes lighted or warmed. 
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It is only by a logical short-cut, not always tenable, that we may say 
that the rising of the sun produces such responses as the opening of 
stomata, the eastward bending of flower-heads, the assumption of the 
day position by nyctitropic leaves, and the like. From the logical 
standpoint, attention is here to be confined to changes in the rate of 
inward or outward transfer of the various forms of matter and energy 
between the surroundings and the plant-body itself. 

It must be confessed that, while most existing types of vegetation 
have been rather carefully, and in some cases perhaps even somewhat 
quantitatively, described, yet there appears so far in the literature 
scarcely anything of a fundamental nature upon the external factors 
and their modes of action in determining plant distribution.! It is 
thus largely upon quantitative studies of the intensity, duration, 
etc., of the external conditions and upon the true physiological inter- 
pretation of these that the future conquests of this branch of ecology 
must depend. It therefore seems desirable, even at the risk of ap- 
pearing to “carry coals to Newcastle,” to venture the following 
physiological discussion before taking up such meager contributions as 
can be brought together in regard to the geographical distribution of 
the different environmental complexes of the United States, as these 
_ may be related to the distribution of the various vegetational types. 

The different categories of environmental conditions will be con- 
sidered in the order of the preceding list, and attention wil be turned 
briefly to the various modes in which these are effective to bring the 
different plant responses about. In the interest of clear presentation, 
it will now and again be advantageous to overstep our logical limits 
in the other direction, and to touch upon some of the relations of the 
more remote conditions that, in their turn, influence or control the 
proximate and immediately effective environmental conditions. 


II. MOISTURE. 
1. WATER REQUIREMENT WITHIN THE PLANT. 


The very complex moisture-relations to which plants are subjected 
are to be considered as of the utmost importance in the great majority 
of distributional problems. These may be physiologically best studied 
from two standpoints—that of the requirement for water and that of 
the water-supply—since these two factors determine by their inter- 
action the moisture conditions of the plant. They may be taken up 
in order. ' 

Since every active cell is filled with water, it follows that there must 
occur constantly, or with but brief interruptions, a movement of water 

- i beginnings in the direction of physiologically experimental investigation of the 
Be i oiacen plant-growth in the open and the controlling conditions of the environ- 
ment have been made by a very few workers. In this connection, see McLean s studies of the 
control of seedling soy-beans by the conditions of the Maryland summer climate (McLean, 
F. T., A preliminary study of climatic conditions in Maryland, as related to the growth of soy- 
bean seedlings Physiol. Res. 2: 129-208, 1917). References to earlier literature are there given. 
See also: Hildebrandt, F. M., A physiological study of the climatic conditions of Maryland, as 
related to plant growth. Physiol. Res. 2: 341-405, 1921. 
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into all enlarging portions of the plant-body. This demand for water, 
due to growth, is usually quite insignificant in degree, but it is never- _ 
theless real, and the absence or inadequacy of the water-supply to 
growing cells must always act as a check upon enlargement. “S 

Also, since water is destroyed in the process of photosynthesis in 
green plants, there must be a continuous influx of moisture into all 
photosynthetizing cells. If this supply is cut off, the formation of 
carbohydrates must cease in a short time. With insufficient water- 
supply, growth ceases before photosynthesis, but both processes must 
soon be brought to a standstill. The water demand occasioned by 
photosynthesis is perhaps usually more pronounced than that for 
enlargement, yet the rate of influx thus brought about is far too 
small in amount to permit of measurement by simple methods. Also, 
water disappears when hydrolytic decompositions occur, so that such 
processes as the digestion of starch are essentially drying processes. On 
the whole, these water requirements may be safely assumed to be only 
of relatively slight importance in comparison with that of transpiration, 
which is next considered. 

The fact that all plant tissues contain water, and that no cuticular 
or other covering is absolutely impervious to this liquid—many leaf- 
cuticles, etc., being rather freely permeable to water—makes it 
logically follow that there must ever be a more or less pronounced 
evaporation of water from all plant surfaces that are exposed to the 
outer air. This superficial evaporation through externally exposed 
membranes makes up the so-called cuticular transpiration, which 
varies in amount in different forms, depending upon structure, and is 
often of great importance in determining the need of the plant for 
water. The water lost by cuticular transpiration is replaced from 
more deeply-lying tissues, according to the principles of diffusion and 
of imbibition, and sooner or later there must occur an inward move- 
ment of water from some region without the plant-body, or else death 
must ensue. 

But, while cuticular transpiration is a very real and almost con- 
stant source of water requirement, it is of relatively little account in 
comparison with stomatal transpiration. The presence of mem- 
branes of high moisture-content within the leaves—the walls of the 
mesophyll, etc.—which are in direct connection with the external air 
through the stomata, makes continuous evaporation from these 
internal tissues an inevitable condition, unless, indeed, the foliar 
surface be covered with a film of water or of a solution of higher vapor- 
tension than that which occurs within the tissues. The internal 
atmosphere is maintained more or less nearly in moisture equilibrium 
with the wet membranes that bound it, and ordinary diffusion through 
the stomatal pores constantly removes water-vapor to the outer air. 
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This water-loss, constituting stomatal transpiration, usually occurs 
at a rate much higher than that evidenced by cuticular transpiration. 
~The ubiquity of this form of water requirement and its generally 
great magnitude render it the dominating physiological moisture 
condition for most plant-forms growing in the open air. 

However it may be removed, the water-content of an active tissue 
that is being depleted is always replenished at a greater or less rate 
from other tissues in the vicinity or from without the body. If such 
renewal of the water-content fails for a considerable time, partial or 
complete loss of activity must result. In plants without storage- 
organs the usual transpiration-rate can continue but a short time 
without entrance of water from the outside. Where storage-tissues 
are present the external supply may, of course, be cut off for a longer 
time. 

Since transpiration is the most important factor in determining the 
need for an external water-supply to the plant, it will be necessary to 
consider here some of the conditions that influence this process. Its 
rate is dependent upon three conditions: (1) the structure and condi- 
tion of the leaves or other transpiring parts; (2) the evaporating power 
of the air; (8) the intensity and quality of illumination. As is well 
known, there occur in different plants, under identical external condi- 
tions, great differences in the rate of transpiration per unit of surface. 
Certain structures, such as waxy and hairy coverings, palisade tissue, 
and other features, make cuticular transpiration markedly less pro- 
nounced than it might otherwise be, and many stomatal characters 
similarly influence the rate of stomatal water-loss. Many anatomical 
characters are known to become permanently altered by age, of course 
with reference to the nature of the environmental complex, as where 
cuticular thickening may increase or fail to do so, according to the 
age and surroundings of the plant. Such physiological responses are 
apparently dependent upon the rate of movement of transpiration- 
water (Pfeffer-Ewart, Plant Physiology, 2: 121). In regions where 
the evaporating power of the air rises rapidly during the growing- 
season, plants with a highly developed cuticular response of the form 
just mentioned may be expected to survive longer than others with a 
less-marked response of this kind. Stomatal movements, of opening 
and closing, may also be of considerable importance in certain cases, 
though this whole question is sadly in‘need of a more thoroughgoing 
physical investigation than it has yet received.’ 


1Concerning the quantitative aspect of differences in the power of plant leaves to retain 
water and thus retard water-loss, see the following papers: Livingston, B. E., The relation of 
desert plants to soil-moisture and to evaporation, Carnegie Inst. Wash. Pub. 50, 1906.— 
Idem, The resistance offered by leaves to transpirational water-loss, Plant World 16: 
1-35, 1913.—Livingston, B. E., and A. H. Estabrook, Observations on the degree of stomatal 
movement in certain plants, Bull. Torr. Bot. Club 39: 15-22, 1912.—Bakke, A. L., Studies on the 
transpiring power of plants as indicated by the method of standardized hygrometric paper. 


Jour. Ecol. 2: 145-173, 1914. 
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The amount of water in the transpiring organs appears also to be 
important in determining -the rate of water-loss. Thus, transpiration 
is frequently checked in the daytime, with no apparent wilting and 
no closure of stomata, but with a marked fall in foliar water-content, 
while the evaporating power of the air is maintained or even increases 
in magnitude.! 

Second only to the nature and condition of the leaves, etc., the 
evaporating power of the air exerts an enormous controlling influence 
upon the rate of water-loss from plants. For any particular plant- 
form it appears to be by far the most potent of all the climatic factors 
affective above the soil-surface. The evaporating power of the air 
is a compound factor, dependent itself upon three other factors, as 
commonly considered—temperature, humidity, and wind velocity. 
Its resultant effects are the summation of the partial effects brought 
about through the influence of these three factors upon the vaporiza- 
tion of water and the removal of the water-vapor from the evaporat- 
ing surface. Evaporation, as a climatic factor, will be more thoroughly 
considered in another place. 

The intensity of the sunlight and its quality are also potent factors 
in the determination of transpiration from plants. While a certain 
small proportion of the energy of the solar rays is made potential and 
entrapped in the plant by the photosynthetic process, by far the 
greater portion of that which is neither reflected nor transmitted 
becomes potential in the water-vapor that escapes from the plant by 
transpiration. Thus, intense sunlight with a good proportion of the 
longer waves is markedly effective to increase the transpiration-rate 
of plant organs whereon it falls. The color and structure of plant 
organs have also to do with this, through the influence these exert on 
reflection and transmission. With a smaller proportion of the greater 
wave-lengths or with less intensity the effect is not so marked.? 

Keologists have classified plants, as to their ability to withstand 
different degrees of light intensity, into those which thrive best in 
shade, in bright sunshine, etc., and have given to these groups Greek 
names, but inasmuch as there are all possible gradations in this power 
of withstanding sunlight, and since there is as yet so little information 
of a quantitative nature bearing upon these matters, it seems advisable 
here merely to emphasize the fact that one of the most important 
influences of sunlight on plants is upon the rate of water-loss, and, 
therefore, upon the water-requirement. 

Another form of water-loss from certain plants is the active excre- 
tion of liquid moisture from nectaries and other superficial glands, 
such as water-pores, etc. The process by which this is brought about 
: Livingston, B. E., and W. H. Brown, Relation of the daily march of transpiration to variations 
in the water-content of foliage leaves, Bot. Gaz., 53: 311-330, 1912.—Shreve, Edith B., The 


daily march of transpiration in a desert perennial, Carnegie Inst. Wash. Pub. No. 194, 1914. 
? Livingston, B. E., Light intensity and transpiration, Bot. Gaz., 52: 418-438, 1911. 
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is not at all understood, but we may be sure that the water-loss thus 
occasioned is of no great general importance in the distribution of 
plant-forms, especially since the greatest excretion of water, as in 
guttation, usually occurs at times when the transpiration-rate is low 
and the supply of water within the tissues is relatively great. In- 
deed, one of the common teleological conceptions bearing upon the 
so-called regulation of water-loss by plants is that these organisms, 
actively and purposefully force water out of their tissues whenever 
they have been compelled by external circumstances to absorb more 
of the liquid than they want. 

To summarize the preceding paragraphs, the entrance of water into 
the ordinary active plant is essential to its activity: (1) because it is 
necessary for the enlargement of water-saturated cells; (2) because it 
is destroyed in photosynthesis, ete.; (3) because it is continually being 
lost by cuticular and stomatal transpiration and by excretion. 


2. SUPPLY OF WATER TO THE PLANT. 


As has been emphasized above, the transpiring tissues of a plant 
must receive water from elsewhere, otherwise they would soon become 
wilted and collapse, and other active tissues must likewise receive 
water, though frequently in much smaller amounts. There are 
several sources from which this water may come. Water-storage 
tissues and dying cells, or cells passing into a dormant stage, may 
furnish more or less water to other tissues, according to the form of 
plant considered and its phase of development. A relatively very 
small amount of water, fixed previously by photosynthesis, must be 
set free in the tissues by the activity of respiration, and this may 
become available for growing cells or may be again transformed by 
photosynthesis. Also, the reverse of hydrolytic decomposition (such 
as the synthesis of starch from glucose) results in the chemical formation 
of some water. For the transpiration of ordinary plants the latter 
sources are surely inadequate.’ 

During rains, and when the temperature of the foliage falls below 
the dew-point of the surrounding air, the external surfaces of the 
plant become wet, and a considerable amount of moisture may enter 
the plant-body through the cuticle and even through stomatal open- 
ings. This source of water is especially important only for certain 
forms, such as mosses, liverworts, and plants of similar water-rela- 
tions. With heavy cuticle, trichome coverings, etc., very little water 
or aac coee tanta ic pagpontijchon Droabverhil(aisto 
der Wistenpflanzen, Zeitschr. Bot. 3: 209-275, 1911.—Livingston, B. E., ake relation of the 
osmotic pressure of the cell-sap in plants to arid habitats, Plant. World 14: 153-164, 1911.) 
The latter is in part a review of Fitting’s paper. An excellent discussion and the most valuable ex- 


i | i iration water in plants 
i tment yet available of the amount and importance ot respira’ . pla 
ihe lowe: Babcock, S. M., Metabolic water: its production and rdle in vital 


phenomena, Wisconsin Agric. Exp. Sta. Bull. 22, 1912. 
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can find its way into the tissues by these channels, and it follows 
that those plants that transpire the least must exhibit the smallest 
amount of leaf absorption. The main source of water-supply to the 
majority of plants is of course the soil or other substratum in which 
the plant is rooted. We may consider in greater detail the first and 
the last of the sources just mentioned. 

In relatively large plants the diffusion of water from non-active to 
active parts is often of great importance. Thus, as a tissue dies its 
contained moisture may pass into other portions and there support 
growth and other activities. A familiar example of this is exhibited 
by bulbs, rhizomes, etc., that produce leaves, shoots, and even flowers 
and fruits without the influx of any water from without. Water from 
the bulb moves gradually into the more active portion and supplies 
the moisture for growth and transpiration; here the so-called storage- 
tissue plays the same réle of water source as does the moist sub- 
stratum in the case of ordinary rooted and absorbing plants. In many 
instances water-bearing tissues may lose much of their water during 
the growth period of the plant and may still retain vitality and the 
power to absorb, so that at another season, when the external water- 
supply is greater, such tissues may receive water in larger amounts 
from the substratum and so return to their original turgid condition. 
In many cacti, fleshy euphorbias, and the like, all of the water for 
transpiration—a relatively small but nevertheless important amount— 
and even for reproduction may be derived from the quiescent stem 
parenchyma for long periods of time. Many water-storage plants of 
the desert can retain vitality and maintain their reduced transpira- 
tion for several years after they have been removed from the soil 
and are thus able to absorb no water from without.! 

Such isolated plants often effect new growth and ripen fruits with 
the return of the proper season, the conditions that bring about re- 
newed activity in such cases being probably mainly those of tempera- 
ture. Of course, these forms must eventually succumb to lack of 
water, as must any other form when deprived of a water-supply, 
but the interesting point here is simply that they may withstand the 
absolute lack of a water-supply from without for exceedingly long 
periods of time. 

To most plants, a root system or its analog is essential throughout 
the actively transpiring phases of its development. As has just been 
implied, such a system must likewise be present a part of the time, 
at long intervals perhaps, even in the most extreme water-storage 
forms. Through these water-absorbing organs the moisture of the 
substratum finds its way to the tissues of the plant. This water often 
traverses long distances of stem, etc., and it is thus seen that the rate at 


; ‘MacDougal, D. T., E. R. Long, and J. G. Brown, End results of desiccation and respira- 
tion in succulent plants, Physiol. Res., 1: 289-325, 1915. 
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which the transpiring portions of a non-storage plant may receive water 
depends upon several conditions: the rate at which water may move 
in through to the absorbing surfaces, the nature and condition of the 
roots, and the nature and condition of the water-conducting tissues. 

In most cases where growth ceases or wilting occurs, the inadequacy 
in the water-supply seems to arise, not from the attainment of the 
physiological maximum of absorption and transmission, but from a 
greater or less drying-out of the soil, whereby it fails to transfer water 
to the absorbing roots at a rate adequate to supply the demand of 
absorption. Quantitative information bearing upon the relations 
between soil-moisture and plant absorption and transpiration is not 
yet available, and our consideration of this exceedingly important 
subject must be very brief and very tentative.! 

It is certain that, with diminished supply of soil-moisture and with 
other conditions remaining unchanged, transpiration in any plant 
must be decreased in amount, also that this diminution in the trans- 
piration-rate does not progress parallel to the continuous drying of 
the soil, so that it ultimately comes about that the supply fails to equal 
the demand, transpiration becomes greater than absorption, the non- 
storage plant ceases to grow, and wilting or even partial or total death 
ensues. 

Such a decrease in the rate of movement of water to the roots does 
not necessarily mean any considerable fall in the average percentage 
of moisture present in the soil, but gives evidence merely of the fact 
that the movement of water through the soil-films and into the roots 
has become less rapid. Under such conditions the soil immediately 
surrounding the absorbing portions of a root-system becomes drier 
than that at a greater distance, and the movement of water into the 
drier layer is too slow to keep the surface of the root adequately 
moist. This matter of the possible rate of water transfer from soil 
to root, fundamental as it is, is greatly in need of thorough investiga- 
tion. The subject has been opened by Livingston and Hawkins and 
by Livingston and Pulling in the papers cited above. This should 
prove a wonderfully productive field, both for scientific ecology and 
for agriculture when serious attention is at length turned to it. 

Great differences in the water-relations of plants in different habitats 
are secondarily occasioned by the nature and exposure of the soil in 
which they are rooted. Surface drainage often conducts the water 
of precipitation away before it can penetrate the soil to an adequate 
degree, and underground drainage frequently depletes the moisture- 
supply of porous soils almost as fast as water enters from a shower. 
Evaporation removes water rapidly from some soils and but slowly from 

i <i aT - ion between 
Ree coi, Carnenio not Wash, Pub. No, 204; 3-48, 1915.—Paling, H. 1, and B. B. Liv 
ingston, The water-supplying power of the soil as indicated by atmometers, Ibid. 204: 4° ; 3 


Also see: Livingston, B. E., and Riichiro Koketsu, The water-supplying power of the soil as re- 
lated to the wilting of plants, Soil Science, 9: 469-485, 1920. 
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others, and the supply remaining to a plant after a period of dry 
weather depends very largely upon this factor. Fine-grained soils 
resist both evaporation and subdrainage, but they also resist water- 
absorption by plants, while coarser ones give up their water more 
readily! so that in a region frequently visited by drought the upland 
vegetation is, in general, most highly developed on the heavier soils. 

As to the internal conditions that influence the rate of water-supply 
to the transpiring parts of the plant, there appears to be, for any 
plant at any time, a maximum rate at which water can enter the roots 
and pass through the vessels. This rate seems to depend upon the 
extent of the root-system and upon the condition of the absorbing 
portions of the roots as well'as upon that of the conducting tissues in 
general. It is probably never for very long periods that this maximum 
rate is attained in moist weather; most plants at such times do not 
appear to transpire at a rate that exceeds their maximum rate of ab- 
sorption and conduction. Evidence has been obtained in the arid 
regions, however, and this probably holds also for dry periods in 
humid areas, that this maximum rate may frequently be reached when 
the rate of transpiration is greatly increased through high evaporating 
power of the air.? 

In such cases growth ceases even with an ample supply of soil- 
moisture and the plant remains quiescent, without other sign of in- 
jury, till a lower evaporation-rate allows absorption and transmission 
again to surpass the rate of water-loss. Thus, in the spring dry season 
at Tucson, Arizona, morning-glory plants attained a few leaves and 
then rested without growth until the higher humidity of the summer 
season arrived, although the soil in which they were rooted was 
kept continuously at or somewhat above its optimum water-content 
by irrigation. When the evaporation-rate had fallen markedly, with 
the coming of the cloudy and more humid summer rainy season, these 
plants resumed their growth in the usual manner.® 

The ability of a plant to absorb and conduct water is, of course, 
an internal condition, which depends upon many things. Naturally, 
the more extensive is the absorbing surface of the roots the more 


1 Of several soils with approximately the same chemical composition, but differing in the size 
of their particles, that with the finest particles gives ordinarily the most luxurious vegetation. 
The physical and physiological reasons for these phenomena have apparently not been taken up 
in detail. In this connection see Livingston, B. E., and G. H. Jensen, An experiment on the 
relation of soil physics to plant growth, Bot. Gaz., 38: 67-71, 1904. On the capillary move- 
ment of water in natural soils, see: Pulling H. E., The rate of water movement in aerated 
soils, Soil Science, 4: 239-268, 1917. 

? Livingston and Brown (1912): Brown, W. H., The relation of evaporation to the water- 
content of the soil at the time of wilting, Plant World, 15: 121-134, 1912.—Briggs, L. J.,and H. L. 
Shantz, The wilting coefficient for different plants and its indirect determination, U. 8S. Dept. 
Agric., Bur. Plant Ind. Bull. 230, 1912. Other citations of this work are given in the two fol- 
lowing papers: Caldwell, J. S., The relation of environmental conditions to the phenomenon 
a oe Vie aga Physiol. Res., 1: 1-56. 1913.—Shive, J. W., and B. E. Livingston 

e relation of atmospheric evaporating power to soil-moisture ities 
plants, Plant World, 17: 81-121, 1914. Py to) aaa nee ee 
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rapidly may moisture enter, providing, of course, that the maximum 
rate of supply of soil-moisture to this surface is not surpassed. Also, 
the rate of absorption must be markedly affected by the condition 
of the absorbing membranes and the cells adjacent to them. If these 
tissues are pathologically modified, as by the presence of poisons, 
even a large extent of root surface may fail to allow as much water 
entrance as might occur through a smaller root-system in a healthy 
condition. 

The condition of the vessels in the stem, etc., whether well or poorly 
developed, whether the lumina are large or small, and whether cross- 
walls are frequent or not, is an important factor in determining the 
maximum rate of water conduction with a given pressure gradient. 
It will be remembered in this connection that the primary deleterious 
effect of certain fungus growths within the vessels is due to a simple 
stopping of these passages. In such cases the plant might suffer from 
lack of water, although its roots possessed an adequate power of ab- 
sorption and were in a soil of adequate water-supplying power. 

Of course, the causes of the internal conditions above mentioned 
are to be sought in previously effective external and internal condi- 
tions, as the effects of which any present status of affairs must be 
considered; but this phase of environmental influence lies far beyond 
the matters with which we are here concerned. 


3. RELATIONS BETWEEN WATER-REQUIREMENT AND WATER-SUPPLY. 


From the above consideration of the water-requirement and water- 
supply of plants it is clear that growth and other activities are not 
dependent upon either of these factors alone, but depend upon the 
relation that holds between them. It is this relation which gives 
the clue to all physiological and ecological problems concerning mois- 
ture. So long as water moves into any tissue as rapidly as it is re- 
moved, that tissue may maintain itself in a quiescent state; so long as 
the possible rate of influx surpasses the actual rate of loss, the tissue 
may increase in size and carry on any processes requiring the fixation 
or destruction of water; and whenever the supply falls below the de- 
mand (i. e., whenever the demand exceeds the supply), growth and 
many other activities must cease. If the latter condition continues 
long, partial or total death must follow, or at least the more or less 
complete entrance of the organism into a state of dormancy. The 
effect upon the plant is the same, whether the physiological lack of 
water be brought about through an increase in the demand, through 
a decrease in the supply, or through both of these acting together. 
aa aaa IS 
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properties of an unproductive soil, U. S. Dept. Agric., Bur. Soils Bull. 28, 1905.—Livingston, 
B. E., Further studies on the properties of unproductive soils, U. 8. Dept. Agric., Bur. Soils 
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Higher evaporation-rate or increased solar intensity may raise the 
rate of transpiration in any plant until it surpasses the possible rate 
of supply to the transpiring parts. On the other hand, the drying- 
out of the soil or a pathological condition of the absorbing or conduct- 
ing system of the plant may reduce the rate of entrance or transmis- 
sion of moisture until the transpiring tissues suffer from dryness. 
The effect of this physiological drought, however caused, is a gradual 
loss of water and hence of turgor, which results finally in plasmolysis 
and wilting. Under such conditions tissue enlargement must cease 
before plasmolysis is accomplished, and can not begin again until a 
certain amount of turgidity has been regained. 

As long as the ratio between the rate of possible water-supply and 

the rate of water-demand in any tissue or organ is greater than unity, 
growth may occur. When this water ratio falls to unity growth must 
soon cease, though the organ may retain its form and vitality. When 
the water ratio becomes less than unity, incipient drying occurs and 
plasmolysis must soon follow if the ratio continues less than unity. 
‘Whether plasmolysis and wilting result in the death of the tissue in- 
volved depends upon the extent to which the ratio falls below unity 
and upon the length of the period during which this condition obtains.? 
Of course, it must be remembered that the matter here brought forward 
is very much complicated by the free interchange of water by various 
parts of the plant itself; the wilting of a certain tissue may not denote 
anything out of the ordinary in the plant as a whole, for the normal 
process of development often includes many reversals in growth. 
Thus, a tuber grows for a long time and then loses its water and other 
contents, while the entire plant of which such tuber is a part may be 
said to be continually advancing through its development phases. 

With the continuation of a drought period most plants die only by 
degrees; the lower and older leaves are apt to succumb first, and it is 
only after a somewhat protracted dry period that total death of an 
individual occurs. Even in such cases the existence of seeds usually 
carries the vital substance forward to the next favorable season. 
The withering and falling away of a few of the older leaves often acts 
as an automatic removal of the drought conditions, for such a decrease 
in the transpiring surface may so diminish the transpiration-rate as 
to prevent further wilting. The same result is frequently brought 
about by a temporary lowering of the evaporating power of the air or 
of the light intensity. The tendency to wilt, which is manifest in 
most plants on dry, sunny afternoons, though no actual wilting may 
occur, is regularly checked by the coming on of night with its conse- 
quent lowering of the evaporation-rate, and also, sometimes at least, 
through closure of the stomata. The water ratio of transpiring organs 


Niet aie: B. E., Incipient drying in plants, Science, n.s., 35: 394-395, 1912.—Caldwell 
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thus falls during bright days and rises again at night. In the arid 
regions 1t appears that this night period of recovery is of very great 
importance. Many plants that are normally very resistant to 
drought conditions as they occur would probably succumb com- 
pletely on the second day if the night period of recovery of the water 
ratio were omitted. A shower of rain affects both terms of the water 
ratio; it increases soil-moisture and decreases evaporation, while 
incipient drying or partial plasmolysis may sometimes be almost 
immediately corrected through actual absorption of moisture through 
leaf surfaces wetted by rain. 

In the majority of ordinary plants the water of transpiration passes 
with comparative directness from the absorbing surfaces of the root- 
system to the transpiring surfaces of the foliage. Stored water is 
here of little general importance. Outside of the arid regions such 
plants appear to absorb and transmit moisture from a moist or wet 
soil with sufficiently great rapidity to prevent any serious wilting, 
even with the highest transpiration-rates; that is, the maximum 
possible rate of absorption is seldom inadequate. But, with a soil 
that is becoming dry, there comes a time when the actual rate of ab- 
sorption fails to keep the water ratio above unity, and in such cases 
wilting soon occurs. If a plant wilts for this cause it may be made to 
revive by mere addition of water to the soil about its roots. How- 
ever, if the maximum possible rate of conduction is at fault (which 
depends, as has been seen, upon the structure and condition of the 
roots, vessels, etc.), such treatment will fail to produce a complete 
return to the usual condition. (Caldwell 1913.) 

Before the problem of the quantitative aspects of wilting and of 
general plant behavior with regard to moisture may be seriously ap- 
proached, the study of soil physics and of water absorption, conduc- 
tion, and transpiration, must furnish us with means of determining 
with fair accuracy the terms of the water ratio. The study of soil 
transmission and plant absorption have been strangely neglected by 
students of plant physiology. That of transpiration and the condi- 
tions controlling it has progressed somewhat further, but much remains 
to be determined. No field of plant physiology promises greater 
conquests than this one of the water-relations, either from the stand- 
point of pure science or from that of a rational plant-culture. (Living- 
ston and Hawkins 1915; Pulling and Livingston 1915, also Pulling 1917. 

When a plant wilts from lack of soil-moisture it is well known that 
the soil about its roots is not dry, but always contains a considerable 
amount of water. This residual water, left after the roots have ceased 
to absorb, has been called “non-available.” Under a given set of con- 
ditions this moisture-content appears to be constant for any plant and 
for any soil, but the conditions upon which the magnitude of the resid- 
ual soil-moisture content depend are much more complex than has 
usually been thought (Shive and Livingston 1914). 
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As the soil adjoining the absorbing membranes becomes drier, the 
surface tension of the capillary films about its particles increases until 
it finally equals or surpasses the imbibition attraction for moisture 
exerted by the exposed walls of the absorbing-cells. These capillary 
phenomena are the main factor in the attraction of the soil for water, 
and it is this capillary force against which the forces that produce 
water-entrance into plant roots must operate. It therefore appears 
that, at the time when absorption ceases, we may expect to find the 
vapor-tension of the exposed root-membranes just balanced by that 
of the soil solution. 

The amount of water remaining in different soils, with different 
plants, has been determined by various workers, and it has been 
taken to vary with the nature of the plant and with that of the soil. 
It is lower in sandy soils than in heavier ones, depending thus upon 
the specific attraction of the soil for water, a variable which depends 
largely upon the size of the soil particles. Non-available soil-moisture 
has often been treated briefly and summarily in texts and monographs 
as a soil constant.! This it assuredly is not,’ for with a given plant 
and a given soil, this factor may be made to vary within wide limits, 
according to the status of the other conditions. It depends, indeed, 
for any soil and any plant, upon the transpiration-rate for the period 
during which wilting occurs. The higher the rate of water-loss from 
a plant the more water will there be in the soil about its roots when 
permanent wilting occurs. Plants in a moist room remove more 
water from the soil in which they are potted before permanent wilting 
occurs than do other similar ones in a dry room or in the open. This 
state of affairs might have been inferred from the principles already 
brought out, that the drier the soil becomes the less rapidly will it 
conduct moisture to the roots of a plant, and that when the transpira- 
tion-rate surpasses that of intake, there must be a tendency toward 
wilting. The residual moisture content of a soil, with reference to a 
certain plant when wilting occurs, is simply the amount of water which 
that soil contains when the rate of water absorption and conduction 
to the foliage have been, for an adequate period, less than the rate 
of loss from the leaves. The length of the period of lag which elapses 
between the time when the rate of foliar water-supply first falls below 
that of transpiration and the “time when permanent wilting ensues 


The best general treatise on soils and their relation to plants is, so far as we are aware, 
Mitscherlich, E. A., Bodenkunde fiir Land und Fortswirte, Berlin, 1913. The work can not be 
too highly commended as, in general, a logically and physically sound treatise on this, one of the 
most difficult of biological subjects. On the general phenomena of capillarity and the complex 
principles upon which these depend the reader may be referred to Freundlich, H. Kapillarchemie 
Leipzig, 1909. ‘ 

* Livingston, B. E., Present problems of soil physics as related to pl iviti 

’ ’ ; plant activities, Amer. 
Nat., 46: 294-301, 1912.—Briggs and Shantz 1912, Brown 1912, Caldwell 1913.—Shive and 
Livingston 1914. 
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must be a function of the internal water-conditions of the plant-body 
and of the difference between the rate of supply to the roots and the 
rate of transpiration. It will be seen at once that a statement of the 
residual water-content for any soil and plant is meaningless without 
a statement of the transpiration-rate at the time the determination 
was made, or, at least, the statement of some measure of the condi 
tions that determine transpiration. It is apparently quite possible 
to define these conditions with some precision by means of measure- 
ments of the evaporating power of the air. 

Aside from actual dryness of the soil, another condition produces 
the same effect upon the plant. This is included in what has been 
termed by Schimper physiological dryness. This condition exists where 
a plant apparently suffers from drought and yet is rooted in a 
moist or even wet soil. The optimally moist soil of the experiment 
with morning-glory described on page 119, might be said to be 
physiologically dry for that plant under those conditions of transpira- 
tion. The term more commonly connotes those cases where the 
plant suffers from lack of water, due either to some pathological 
condition of the roots or conducting organs or to a too high physical 
concentration (osmotic pressure) of the soil solution. In either case 
the symptoms are those produced by a dry soil, but the actual amount 
of moisture present in the soil may still be relatively very high, or the 
soil may even be completely saturated. 

The best known cases of adverse osmotic conditions in the soil 
solution are those of the so-called ‘‘alkah’’ soils, where the salt-con- 
tent is usually high, although the component salts are not highly 
toxic. In such soils ordinary plants suffer from lack of water, ap- 
parently not because water movement into the roots is checked 
through increased external capillary resistance, as in a soil that is 
actually nearly dry, nor because of toxic effects, but merely because 
of the high osmotic pressure of the soil solution itself, which may result 
in plasmolysis of the superficial root-cells and the consequent derange- 
ment of the absorbing mechanism. Plants that are characterized 
by an unusually high osmotic pressure in their absorbing organs seem 
to succeed in such soils.’ 

Those instances of physiological dryness which are produced by 
injury or by a pathological condition of the absorbing or conducting 
system need not here be treated in detail; it needs only to be re- 
marked that any condition leading to an inadequate power of absorp- 
tion or conduction may bring about a correspondingly inadequate 
water-supply and, in general, may result in the same symptoms as 
those produced by soils of low moisture-content or of low power of 


water delivery. 
1 See in this regard Fitting, 1911, and the remarks on this paper by Livingston, 1911. 
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The factor of duration is exceedingly important in the moisture- 
relations of plants. While cessation of enlargement must immediately 
ensue with incipient plasmolysis of a growing tissue, a partially plas- 
molyzed tissue may retain vitality for a long time and may imme- 
diately recover with the return of an adequate water-supply, provided 
that the process of desiccation has not progressed too far. Thus, many 
plants complete their growth in seasons and in regions where wilting 
occurs for several hours daily, this being corrected and positive 
growth being accomplished during the cooler or more moist hours of 
the day. For such forms a change in the rhythm of fluctuation of the 
water ratio might prevent maturation or reproduction, although the 
fraction of the total period of growth represented by the total period 
of wilting might remain unchanged. Also, the after-effect of adverse 
conditions being, as it seems, generally more pronounced than that of 
favorable ones, rapid fluctuations between adequate and inadequate 
water ratios frequently result in much less growth than would have 
occurred in a continuous. period of favorable conditions, although 
the latter were of no greater duration than the total of all the short 
favorable periods really experienced by the plant in the first case. 
This factor of fluctuation or variation in the environment is especially 
difficult to consider at the present time; it is mentioned here only to 
throw emphasis on an important phase of the duration factor which 
will need careful investigation in the future. 

With regard to the quantitative aspect of the moisture limits which 
plants are able to withstand, very little information is available. 
Since the activities of the plant as a whole are the summation of the 
activities of its various parts, we must regard the primary moisture 
condition that is effective in the control of plant activity as simply 
the water ratio obtaining in the active tissues. But practically 
nothing has so far been done with this dynamic aspect of the water- 
relation. The determinations that are available bear simply upon 
the amount of desiccation which various forms or organs may bear. 
Many of the scattered observations on this point are presented in 
Ewart’s translation of Pfeffer’s Plant Physiology under the heading 
“Desiccation.’’ To obtain further information bearing upon the 
point in which we are at present interested, the whole viewpoint needs 
to be somewhat different from that heretofore employed. The 
moisture-contents will need to be uniformly calculated to comparable 
terms, such as to the basis of dry weight or natural volume, and the 
different regions of the bodies of higher plants will have to be separately 
considered. 

In connection with the foregoing discussion of the relation between 
the rates of entrance of water into the plant and those of its exit, 
Woodward’s' conception of the water requirement of plants should 


‘Woodward, J., Some thoughts and experiments concerning vegetation, Phil. T Ri 
Soc. London, 21: 193-227, 1699. a east 
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receive some attention. The water requirement, in this special sense, 
denotes the ratio of the total water-loss by transpiration to the yield 
of plant material for any given period of time, usually for the entire 
growing-season. This conception has recently received renewed 
attention and very thorough study at the hands of Briggs and Shantz,! 
who have employed it as a physiological criterion by which to compare 
the relative drought resistance of agricultural plants. 

If several different plant-forms be grown under the same set of 
climatic conditions, it is found that the different forms differ in their 
water requirements; the amount of water required to produce unit 
weight of crop is greater in one case than in another. In such a case 
the plant with the lower water requirement is the one giving the 
larger crop with the smaller amount of water, and it is obvious that 
this criterion must be very valuable in the study of agricultural con- 
ditions in arid and semiarid regions. It is also clear that such com- 
parisons between plant-forms are always made with reference to some 
given set of climatic conditions; if one form has a lower water re- 
quirement than another for one climate it does not follow that the 
same relation must hold for the same two forms in another climate. 
Thus, relative water requirements need always to be stated with 
reference to a particular environmental complex, which must be de- 
fined as precisely as is possible. Of course the water requirement of 
a given plant-form may also be employed as a criterion by which dif- 
ferent sets of environmental conditions may be compared, the physio- 
logical properties of this plant-form being the standard of measure- 
ment in such a case. This whole matter promises much for both 
agricultural science and the ecology of uncultivated plants, and it 
may be predicted that water requirement will assume greater impor- 
tance in discussions of plant water-relations, as this field becomes 
more thoroughly investigated. 

The foregoing general and incomplete treatment of the subject of 
the influence of water conditions upon plants may suffice for the 
present. It is to be hoped that the future may furnish well-collected 
and well-related data on these questions and that some of the experi- 
mentation to be carried out in the future may be more adequate to 
the purposes of ecology and agriculture than is much of the hap- 
hazard experimentation so far predominating in the literature. 

1 Briggs, L. J., and H. L. Shantz, The water requirement of plants, II, A review of the 
literature, U. 8. Dept. Agric., Bur. Plant Ind. Bull. 285, 1913. This is a very complete and 


valuable annotated bibliography of the subject and includes discussion of and references to the 
writers’ own work. In this connection see also Shive, J. W., A study of physiological balance 


in nutrient media, Physiol. Res., 1: 327-397, 1915. P. 379. 
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Ill. TEMPERATURE. 
1. TEMPERATURE REQUIREMENT WITHIN THE PLANT. 


One of the fundamental conditions that have to be fulfilled in order 
that life processes may go forward is that the body of the organism 
must possess a temperature lying between certain limits; the tem- 
perature of the living cells must be neither too high nor too low. 
If the temperature rises beyond the maximum temperature limit for 
life, or if'it falls below the corresponding minimum, death must 
follow. 

In this consideration, which is one of the most clearly established 
principles of physiological science, it is to be borne in mind that the 
numerous processes, or material and energy transformations, that 
make up life are partly chemical in their nature and partly physical. 
All processes that result in an alteration in the kind of matter within 
the plant are chemical. Here belong photosynthesis in green plants, 
all the various kinds of chemosynthesis, and all processes of oxidation 
and reduction, of hydration and dehydration in the chemical sense, 
of polymerization and hydrolysis, etc. On the other hand, all proc- 
esses that result merely in a change of state of the matter within the 
plant-body are physical. These latter do not usually receive so 
much attention at the hands of physiologists as do the others, and 
they are probably not as well known, but they are certainly no less 
important. As examples of such physical changes may be men- 
tioned such processes as coagulation or precipitation of substances 
out of solution or suspension, the various possible alterations in the 
viscosity of liquids, and even the transformations that may occur 
between the solid, liquid, and gaseous states of matter. It is fre- 
quently true of physiological phenomena that the chemical and 
physical processes are so closely related that it is impossible to relegate 
a material change to either category alone. In this connection it 
may be recalled how modern researches along the border-line between 
physics and chemistry are tending more and more to erase this line 
and to prove it to be quite an arbitrary demarcation. 

All of the innumerable processes, physical and chemical, that occur 
in the living plant must be thought of as having their temperature 
limits, just as has the grand summation of these processes. In so 
far as physiological studies have gone in this connection, it appears 
that each component process possesses temperature limits more or 
less different from those of others, and also different from those of the 
grand summation. Thus, with falling temperature growth in size is 
checked when a certain minimum temperature is reached, at lower 
minima cell-division and photosynthesis are also checked, and at a 
still lower minimum respiration ceases and death ensues. It follows 
from this that general plant activity can not proceed at any tempera- 


CHIEF ENVIRONMENTAL CONDITIONS. 12g 


ture that might prevent the occurrence of any of the simpler physical 
and chemical changes essential to the make-up of this general activity. 

According to the kinetic theory of matter an alteration in the tem- 
perature of any body is to be considered as a change in the rate of 
motion of its component particles and, consequently, as a gain or loss 
of kinetic energy by the latter. The degree to which this energy of 
motion is possessed by the molecules, etc., of a mixture—that is, its 
temperature—is to be regarded as the proximate condition determin- 
ing the nature of the transformations that occur therein. Therefore 
every temperature change must be regarded as affecting a more or 
less marked alteration in the velocity of each of the many physical 
and chemical processes that make up the life activity of a plant. 

It is possible, therefore, to proceed a step farther than we have 
gone in our generalization above. Not only is it true that the prime 
essential temperature condition for general vitality is that a tempera- 
ture must obtain under which all the necessary component processes 
may occur, but the temperature must be such that these component 
processes may go on with adequate velocities. They must not proceed 
with too high nor with too low rates; otherwise death must occur. 
Thus photosynthesis, for example, might occur in a plant at a certain 
temperature, but the rapidity of the formation of carbohydrates might 
at the same time not be great enough to make up for the loss entailed 
by respiration, growth, etc., at that temperature. 

As has been mentioned in another place, however, it is quite possible 
for an organism to survive a brief period of exposure to a condition to 
which it would succumb with a more prolonged exposure. It is clear, 
then, that the temperature limits usually given for plants are not 
definite and quantitative measures of the limiting conditions for vital 
activity unless they are taken in connection with the length of time 
during which the organism is subjected to these temperatures. ‘The 
question-of the duration of temperature conditions in connection with 
the establishment of physiological limits has received attention from 
Blackman,! from Miss Matthaei,? and from Lehenbauer,’ and is 
worthy of still further study. 

‘From the foregoing paragraph we may formulate the following 
statement of a general and fundamental principle regarding the rela- 
tion between temperature and vital activity. The temperature of 
the living plant-body must not remain for more than a maximum time 
period at any temperature which, if longer continued, would cause 


any essential physical or chemical process of the general life activity “ 


to surpass the minimum or maximum limit of its velocity. 


1 Blackman, (1905)—IJdem, The metabolism of the plant considered as a catalytic reaction, 


Science, n.s., 28: 628-636, 1908. gaia ey: 
2 Matthaei, Gabrielle L. C., Experimental researches on vegetable assimilation and respiration. 
III. On the effect of temperature on carbon dioxide assimilation Phil. Trans. Roy. Soc. London, 


B. 197: 47-105, 1904. : f 
3Lehenbauer, P. A., Growth of maize seedlings in relation to temperature, Physiol. Res., 1: 


247-288, 1914. 
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The temperature limits for vigorous activity, as these are usually 
given, are very different for different plants. The lowest minima are 
somewhat below 0° C., while the highest maxima are above 60° C. 
For the retention of life in dormant phases the range is, of course, much 
greater than for vigorous activity. Dry seeds can endure, for long 
periods, temperatures far below the freezing-point of water and far 
above the boiling-point. It needs to be emphasized that the water- 
content of a tissue is highly important in determining what may be its 
minimum and maximum temperature and the duration of such 
temperatures that it may survive. 


2. RELATION OF TEMPERATURE WITHIN THE PLANT TO CONDITIONS OF 
THE ENVIRONMENT. 


Material changes, whether physical or chemical, generally result 
in the warming or cooling of the medium; some heat is generally 
produced or else disappears with each material alteration. Wher- 
ever material processes are going forward in the plant, heat must 
be continuously supplied, or else it must be as continuously removed; 
otherwise the temperature of the body must fall or rise and a cor- 
responding alteration in the processes themselves must ensue. 

In the case of a living plant the many physical and chemical processes 
of its life must, of course, influence one another, in velocity and direc- 
tion in various ways, among which the mutual effect of heat absorp- 
tion and liberation must be important. Thus the heat set free by 
respiration may be of primary importance in maintaining a possible 
temperature for cell growth, and the absorption of heat by transpira- 
tion is probably often the prime condition that prevents a too great 
rise in tissue temperature. 

If there were no outward or inward passage of heat through the 
periphery of the plant, it is obvious that life could be possible only 
so long as this complicated interplay of the heat effects of the various 
physiological processes were automatically so limited that no essential 
process might be too greatly altered by temperature change. But, 
just as the moisture conditions of the plant-body are usually much 
more influenced by water changes between it and its surroundings than 
by the generally insignificant destruction and formation of water 
within the tissues, so also the internal temperature conditions usually 
depend mainly upon heat exchanges with the exterior, and the internal 
absorption and liberation of heat which has just been considered are 
of prime importance only in relatively few cases, if they ever are at 
all in nature. 

The temperature of the plant tends closely to follow that of its 
environment; roots can seldom possess a temperature markedly dif- 
ferent from that of the surrounding soil, and stems and leaves are 
never very much warmer or cooler than the air that bathes them. If 
the vital processes result, at any time, in the liberation of heat, a 


CHIEF ENVIRONMENTAL CONDITIONS. 129 


marked rise in temperature is prevented by outward conduction and 
radiation, and the body-temperature remains automatically at about 
the same point as that of the material surroundings. On the other 
hand, if the summed result of physiological changes be a disappearance 
of heat within the cells, then any considerable fall in tissue-temperature 
is automatically adjusted at an incipient stage by intake of heat from 
without. The only exceptions to this rule that are worthy of mention 
here are the cooling effect of transpiration, whereby the temperature of 
foliage is sometimes as much as a few centigrade degrees below that 
of the air, and the heating effect of sunshine, whereby leaves are some- 
times a few degrees warmer than their surroundings. 

From thermodynamics we may be sure that the outward and inward 
conduction of heat are automatically self-controlling, heat not being 
conducted from a cooler to a warmer body. Thus an atmosphere at 
a given temperature will never, by heat conduction, render a plant 
either warmer or cooler than the air itself. But it is possible for 
a plant, or other body, to receive heat by radiation from an imme- 
diate environment the temperature of which is much lower than its 
own. Conversely, for a time at least, it may radiate heat into an 
immediate environment having a higher temperature. The first case 
is very important in many instances, as in the absorption of sunlight 
by green leaves, which will be considered under the topic ‘‘ Light.” 
The second is of much less frequent occurrence, but may sometimes 
be important in the cooling of leaves on clear nights when radiation 
is rapid. 

As in the case of the entrance and exit of water, the nature and 
condition of the plant surfaces exert a considerable influence upon the 
possible rate of entrance or exit of heat, either by radiation or conduc- 
tion. The effect of a more or less thorough insulation of the plant- 
body would, of course, be the introduction of a correspondingly pro- 
nounced lag in the temperature changes of the plant, as far as these 
are due to radiation or to conduction to or from the exterior. Thus, 
after a temperature change in the surroundings, some time may elapse 
before uniform temperatures within and without again prevail. In 
the case of roots this feature is probably of but little importance, 
although the results of secondary growth often produce on old organs 
of this sort a layer of cork and other modified cells of sufficient thick- 
ness, so that a considerable retardation of heat conduction no doubt 
ensues. Heat radiation appears to be of little or no importance in 
subterranean organs. 

The aerial portions of the plant exhibit more considerable effects of 
the retardation of heat transmission. This is especially notable in 
many buds, in the stems of the larger plants, such as trees, and in 
densely hairy leaves. The bark of the cork oak is familiar to every- 
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one as a substance with a low power of heat conduction, and the hairy 
buds and younger leaves of such forms as mullein (Verbascum thapsus) 
are known to assume the temperature of their surroundings, after a 
rapid temperature change in the latter, with a distinctly sensible lag. 
One of the main internal conditions affecting the rate of outward and 
inward heat conduction is that of moisture-content, which, as we have 
seen, is also of great importance in the determination of the rates of 
intake and outgo of water. 

The rate of absorption or elimination of radiant heat is affected 
also by the nature of the plant periphery; rough surfaces radiate and 
absorb a greater proportion of energy rays than do smooth ones; 
plaited and folded surfaces radiate and absorb much less than plain 
ones of equal area; the color of the tissue is highly important in this 
connection, and the exposure of the surfaces considered, with reference 
to the earth’s surface and to the sky, is also of primary importance. 
Most of the heat radiation and absorption by plants occurs in the 
direction toward and from the sky, and by far the greater portion of 
the radiant energy absorbed is from direct sunshine. This latter 
feature has been emphasized in our discussion of transpiration and will 
be touched upon again in connection with the treatment of light. 
Of course, it is to be remembered that the effect of heat radiation in 
producing a body-temperature higher or lower than that of the sur- 
roundings is soon limited by the increased rates of both radiation and 
conduction in the opposite direction, so that very great differences 
between outside and inside temperature are not to be expected. The 
heating effect of direct sunshine upon green, transpiring leaves is 
limited, not only by outward conduction and radiation, but also by 
the cooling effect of transpiration. Even in intense sunshine the 
temperature of turgid, rapidly transpiring leaves is frequently or 
usually below that of the surrounding air.) 

The main generalization in connection with the temperature rela- 
tion is simply that the temperature of the plant is never very different 
from that of its immediate surroundings. The important effect of 
the different rates of heat exchange between plant and environment 
is practically confined to the determination of the temperatures of 
leaves and other similarly exposed parts when under the direct rays 
of the sun, and to the production of a more or less pronounced lag 
in the tissue temperature changes brought about by great and rapid 
alteration in the environmental temperature. 


1Shreve, 1914. 
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3. THE DURATION ASPECT OF THE TEMPERATURE RELATION. 


The velocities of the many physical and chemical changes that 
compose vital activity as a whole, depend, as has been seen, upon the 
temperature. It follows that the outcome of each separate process, 
and that of the entire complex, is largely determined by the degree of 
temperature and by the length of the time period during which any 
temperature has obtained. The accomplishment of the entire plant, 
as measured by the amount of its growth, for example, might be the 
summation of the various accomplishments of the component processes 
during the given time period, which latter are simply the integrations 
of the various process velocities with respect to time. Since we are 
very far from being able satisfactorily to separate the component 
processes that go to make up the activity of any plant, it is necessary 
here only to call attention to the above proposition as representing a 
general principle the details of which must occupy many minds in 
the future. For the present the physiological ecologist can do nothing 
but consider the varying velocities of certain broad, complex processes 
such as growth, crop production, and the like. But our generaliza- 
tion is of use at least in this, that it enables us to lay out the field 
for future study, with a probability of satisfactory results that might 
otherwise be absent. 

We have seen that physical and chemical processes are intimately 
commingled in the intricate complex which we call life. To this con- 
ception may be appended the additional one that many of the physical 
properties, probably all of them in the final reckoning, depend upon 
chemical changes which have previously occurred. It is quite im- 
possible for a physical change to occur in the substance of a plant 
unless the various materials involved be present, and these may be 
assumed, in general, to have resulted from chemical changes. Since 
we know already that chemical action is exceedingly important in most 
plant phenomena, the last statement allows us tentatively to state 
that this action may probably be found to have the controlling in- 
fluence in general life activities. If this be true, the general activi- 
ties of the plant should follow more or less accurately the principles of 
chemical action. The relation of chemical processes to temperature 
have been much worked upon and the law of Van’t Hoff and Arrhenius 
has been developed in this connection. It states that for each rise 
in temperature over a range amounting to 10 centigrade degrees, there 
is a doubling or tripling of the reaction velocity. Often the coefficient 
is 2 or a little more or less (PH; =P+Hs, 1.2; C,H;02 . C.H;+NaOH, 
1.89). Usually it is between 2 and 3 (C.H;ONH)2Ag, 2.12; C,H3C10). 

een given somewhe re thorough considera- 
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Ag, 2.55), sometimes it is over 3 (NaOC;H;+CHslI, 3.34)”, and it 
may be still higher. 

Since the temperature of the plant follows so closely that of the 
surroundings, it will be safe to consider these two temperatures as 
identical for our present purpose. Of course, we shall expect to find 
that the principle of Van’t Hoff and Arrhenius may be applied to plant 
phenomena only between certain limits of temperature. It is perfectly 
clear that the generalization can hold only so long as all or nearly all 
of the component or partial processes are progressing according to this 
principle. In purely chemical processes there are always a minimum 
and a maximum, beyond which this principle of Van’t Hoff and 
Arrhenius no longer expresses the relation of temperature to velocity. 

A somewhat extensive literature already exists regarding the applica- 
tion of this principle to physiological phenomena. We may mention 
the main results with plants. Clausent determined the velocity of 
carbon-dioxide excretion from seedlings and buds at different tempera- 
tures. He found that the rate somewhat more than doubled for each 
temperature rise of 10° C., to an upper limit about 40° C. Miss 
Matthaei? studied the effect of temperature on the evolution of the 
same gas from leaves in darkness, and also on its fixation by leaves in 
light, showing that the Van’t Hoff-Arrhenius principle holds here in a 
very satisfactory manner. Blackman? has presented a very good state- 
ment of this entire problem, especially in regard to plants, and his con- 
cluding sentences are worthy of quotation here. He writes: 

“To me it seems impossible to avoid regarding the fundamental processes of anabolism, 
katabolism, and growth as slow chemical reactions catalytically accelerated by protoplasm 
and inevitably accelerated by temperature. This soon follows if we once admit that the 


atoms and molecules concerned possess the same essential properties during their brief 
sojourn in the living nexus as they do before and after.” 


On the whole, it seems allowable to conclude that the majority of 
the elementary chemical processes of living things proceed according to 
the general principle of Van’t Hoff and Arrhenius, and that such 
processes exhibit temperature coefficients, within the ordinary limits 
of environmental temperature of from 2.0 to 2.5. When, however, 
these elementary or component processes are combined into such a 
complex resultant as growth, it does not necessarily follow that the 
temperature coefficient of the complex process must be the same as 
that of its components. Russell‘ states that ‘the effect of temperature 
on the rate of growth of a plant is in no wise like its effect in accelerat- 
ing chemical change,’’ citing Bialoblocki> to support this view. 


1 Clausen, H., Beitrige zur Kenntnis der Athmung der Gewiichse und des pflanzlichen Stoff- 
wechsels, Landw. Jahrb., 19: 893-930, 1890. 

2 Matthaei, 1904. 

3 Blackman, 1908. 

4 Russell, E. J., Soil conditions and plant growth, London, 1917. 

5 Bialoblocki, J., Ueber den Einfluss der Bodenwirme auf die Entwicklung einiger Cultur- 
pflanzen, Landw. Versuchsstat., 13: 424-472, 1870. 
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The last-named author studied the influence of temperature upon the 
rate of growth of barley, and his results seem to show (see Russell’s 
graph, page 21) that the temperature coefficient here varies markedly 
with the temperature itself. Since later workers have failed to record 
the same conclusion, it seems that Russell may perhaps give to 
Bialoblocki’s results too conclusive a weight. It is clear that in some 
cases, at least, the operation of the law of the minimum! may interfere 
in such experimentation, thus precluding the full acceleration affect 
of a given rise in temperature. As Livingston and Livingston (1913) 
have pointed out, “it seems highly probable that complex vital 
processes such as growth may frequently fail, under natural condi- 
tions, to exhibit the chemical temperature coefficient. In some of 
these cases proper alterations in other environmental factors might 
disclose the otherwise masked coefficient, in other cases the limita- 
tions might be internal, as in the nature of the protoplasmic mixture, 
and the obscuring of the coefficient might persist in spite of any 
attempt at external adjustment.” 

In favor of the supposition that growth-rates of plants do show a 
temperature coefficient of 2.0 or above, may be mentioned the experi- 
mental studies of Price,” who determined the temperature coefficients 
for the opening of flower-buds on cut twigs of the plum, peach, apple, 
and other fruits. The time period required for resting buds to pro- 
duce flowers was shown to be reduced about one-half for each rise in 
temperature of 10° C. Lehenbauer’s® extensive study of the relation 
of growth rate, in shoots of maize seedlings, to maintained tempera- 
ture shows much more clearly than had ever been done before how 
important the duration factor is in determining the effect of tempera- 
ture on growth. As regards the temperature coefficient, he found that 
this has a value of from 2.40 to 1.88 for a range of temperature from 
20° to 32° C., the seedlings being exposed to the given temperature 
for 12 hours. For temperatures below 20° the coefficient has higher 
values (for the decade from 12° to 22° its value is 6.56) and for tem- 
peratures above 32° the coefficient is much lower (for the decade from 
33° to 48° it is 0.06). 

Our present knowledge of this whole matter leads to the idea, as 
Livingston and Livingston have stated, “that there are many cases 
in which growth-rates and other complex processes in plants and 
animals exhibit temperature coefficients of about 2.0, and that in 
other cases this same coefficient is probably operative but is obscured 
by the limiting effect of some other environmental condition.” These 
authors also point out that temperature coefficients of other orders of 
magnitude than that given may be expected, both for elementary and 
“a Blackman, F. F. (1908), Idem, (1905).—Mitscherlich, E. A., Das Gesetz des Minimums und 


das Gesetz des abnehmenden Bodenertrages, Landw. Jahrb. 38: 537-552, 1909.—Idem, Ueber das 
Gesetz des Minimums und die sich aus diesem ergebenden Schlussfolgerungen, Landw. Versuchs- 
stat, 75: 231-263, 1911. ; : 

2 Price, H. L., The application of meteorological data in the study of physiological constants. 
Ann. Rept. Virginia Agric. Exp. Sta., 1909-10: 206-212, 1911. 

% Lehenbauer, 1914. 
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for complex life processes. The processes upon which growth imme- 
diately depends are wholly or mainly physical, as has been. stated above, 
and these in turn depend upon chemical phenomena. Thus, the 
formation of cell walls is surely a physical process (precipitation, 
coagulation, etc.), but it is conditioned by such chemical processes 
as the formation of cellulose from water-soluble carbohydrates. Under 
such conditions it is reasonable to expect such physical processes to 
exhibit chemical temperature coefficients, this being, again, an iIn- 
stance of the operation of the law of the minimum. The true physical 
temperature coefficient of cell-wall formation may never be evidenced, 
since the rate of chemical formation of wall constituents at the 
periphery of the protoplasmic mass may never be sufficient to allow 
their solidification at the maximum rate for any given temperature. 
Nevertheless, some physical phenomena that have to do with vital 
processes show, independently of chemical phenomena, temperature 
coefficients that rather closely approach a value of 2.0. The authors 
last mentioned call attention to the fact that such is the case with the 
vapor-tension of water between 4° and 34° C. 

It appears that we have here a general principle that seems to hold 
with rather satisfactory approximation for a number of different 
physiological processes in different organisms, for a considerable range 
of temperatures such as is frequently met with in nature. This 
problem of the temperature coefficient for physiological processes is 
by far the most important temperature question now awaiting in- 
vestigation. Its solution for a large number of plant-forms and for 
a large number of developmental phases should do much for climatic 
plant geography and for agriculture.t. We shall return to this matter 
in another place. 

Aside from the simple matter of amount and duration of the tem- 
perature of the environment, it is rather widely held that alterations 
in temperature, if these are of great magnitude and if they occur 
rapidly and frequently, are in themselves a potent cause for a change, 
often a retardation, in the rate of plant growth. Frequent changes 
of temperature seem, per’se, to act as a stimulus upon some plants and to 
bring about a different form of development from that which might 
occur under more stationary conditions of temperature. 

Nevertheless, Price (1911) has tested this last proposition in the 
case of the flower-buds of peach and plum and finds that “‘a sudden 
drop of temperature to some point below 50° F. results in the cessation 
of all development, but that normal development is resumed immedi- 
ately when favorable temperature conditions are restored, i.e., that the 
retardation of development by cold is altogether temporary and directly 
proportional to the time during which the low temperature prevails.” 
It is obvious that this matter is in need of a throughgoing investigation. 


* Certain general aspects of the temperature relations of organisms are well brought out in 
the following: Fawcett, H. S., The temperature relations of growth in certain parasitic fungi 
Univ. Calif. Pub. Agric. Sci. 4: 183-232, 1921. 
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iV. LIGHT: 
1. GENERAL NATURE OF LIGHT. 


The relations of water and temperature to plants, which have 
already been considered, involve variations only in intensity, there 
being no qualitative differences involved; the amount of moisture 
and the degree of temperature in the plant-body are all that need to 
be specified in order that these conditions be defined. Light, however, 
may vary not only in amount, that is, in intensity, but also in quality, 
and herein lies a most serious complication. Furthermore, making 
matters still more difficult, it is impossible, excepting on purely arbi- 
trary grounds, to distinguish the radiant energy that we term light 
from radiant heat on the one hand and from the ultra-violet rays on 
the other. It thus appears that the term “‘light”’ itself is nothing more 
than an arbitrary term, denoting a range of different sorts of radiant 
energy, the range being characterized by certain wave-lengths. This 
range is extended on either side, beyond the arbitrarily limited region, 
by still other wave-lengths which are not included under the term 
“light.” 

Light is usually understood to mean radiant energy that is capable 
of affecting the human eye, having a range, then, of wave-lengths 
from about 400 to about 750 millionths of a millimeter. Thesun’s 
spectrum, however, extends to wave-lengths of about 293 uy, where 
the opacity of the earth’s atmosphere to these ultra-violet rays brings 
its range to a rather abrupt limit.! Radiant energy with wave-lengths 
greater than about 750 yy, and extending beyond 2,400 py (Nutting, 
1912, page 202) are termed heat. 

The study of the characteristics of radiant energy has been facilitated 
in certain aspects, and perhaps retarded in others, by the fact that 
all these various radiations may be mostly transformed, on being 
allowed to fall upon a blackened surface, into the molecular vibrations 
of matter. It has thus come about that the intensity of all these 
forms of radiant energy is usually measured by converting them into 
molecular heat and by determining the temperature acquired by the 
heated body. It is thus that the intensity of light, or other radiant 
form of energy transfer, is commonly measured and described in terms 
of calories received per square centimeter of the cross-section of the 
impinging beam per unit of time. 

The quality of light is defined by its range of wave-length and by 
the relative intensities for the different portions of the range. The 
range of wave-length may be determined through the use of a properly 
constructed spectroscope. The plant never receives light of just a 
single wave-length; it always receives a mixture of wave-lengths with 
a more or less broad range. Since light is most easily perceived by us 


1 Nutting, P. G., Outlines of applied optics, Philadelphia, 1912, p. 2. 
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through its physiological effect upon our eyes, the range of any given 
light mixture is usually thought of in terms of the spectral colors, which 
are simply names of certain physiological responses of the human 
organism to light of various wave-lengths and intensities. Thus, we 
may state that a certain light mixture ranges from red to green, for 
example, is particularly intense in the green, etc. It is highly desirable, 
however, that biological measurements of light quality be made in 
terms of wave-lengths, for such definition does not depend upon the 
eye.’ 

The only practical way to describe light conditions that is so far 
available is arbitrarily to divide the spectral range of wave-lengths 
into smaller ranges, and to state the intensities of these smaller ranges 
in terms of their respective equivalent heat intensities. Certain of 
the well-known Fraunhofer lines of the sun’s spectrum may con- 
veniently be used in this arbitrary subdivision. 


2. EFFECT OF LIGHT UPON PLANTS. 


We have already seen that radiant heat is effective upon plants in 
controlling their temperature. Light also has the same effect, in so 
far as it is absorbed by the plant-body and converted into molecular 
vibrations of thermal nature. Where this effect is alone to be con- 
sidered it is not directly necessary to analyze the impinging waves into 
their spectral groups or component ranges of wave-lengths; it is only 
requisite to determine the total heating effect produced by the ab- 
sorbed portion of the total impinging radiation. Since, however, any 
given surface, as of a plant, absorbs the different wave-lengths in 
different amounts, the study of light qualities may become essential 
even in this connection. The heating effect of light upon plants is 
only incidental in our present discussion; absorbed radiation is seldom 
if ever of primary importance in determining the temperature of plant 
parts. 

A second kind of effect produced by light upon plants is a morpho- 
genic one and does not seem to depend upon the heating of the tissues. 
This is, in all probability, a photochemical effect, but the very diffi- 
cult question thus raised still awaits investigation. Here we need to 
consider, perhaps, the retardation of growth in length, apparently 
due to the action of light upon most cylindrical plant-parts and the 
corresponding acceleration of enlargement in most dorsiventral organs. 
It is usually supposed that ordinarily plants would not assume their 
usual form without this action of light; the characteristic, much 
elongated stems and greatly dwarfed leaves of etiolated plants are an 
example of the effect of lack of light, though the moisture relation 
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surely plays an important rédle here. Likewise, the development of 
certain tissues, as of leaf-palisade, are apparently often dependent 
upon the quality, intensity, and direction of luminous rays, and the 
relative positions assumed by most ordinary leaves are largely due to 
the asymmetrical effects of light as such. The “leaf mosaics” of 
plant ecology are considered as due to the operation of this condition. 
Also, the positions assumed by many stems and other parts are 
primarily due to light conditions. Such morphogenic activities are 
directed, not by light in general, but only by radiant energy of certain 
ranges of wave-length. Certain intensities within these ranges are 
necessary for the usual development of ordinary plants. 

A third effect of light, and the one that is most fundamentally im- 
portant for all terrestrial life, is the photochemical process called 
photosynthesis. It is only by the action of a certain range of wave- 
lengths of radiant energy, within certain limits of intensity, that the 
production of carbohydrates from water and carbon dioxid may occur 
in chlorophyll-bearing cells. Fundamental as is the photosynthetic 
process, the conditions determining its velocity have hardly begun to 
be studied quantitatively, and this statement is especially true with 
regard to the light relation. In order to begin a study of the relation 
of plants to light it will be necessary first to possess some suitable 
method by which the light conditions may be measured. It is essen- 
tial that both quality and intensity of the impinging light be de- 
termined for the different hours of the day and for the different days 
of the growing-season. The present apparent difficulty of obtaining 
such measurements of the environmental conditions is surpassed only 
by its fundamental importance to plant physiology and by its practical 
bearing upon the problems of ecology and agriculture. 


3. DURATION ASPECT OF LIGHT RELATION OF ORDINARY PLANTS. 


It is obvious that the result, the amount of material change, pro- 
duced by any of the physiological processes that are dependent upon 
light must be determined by the duration of the process as well as 
by the nature of the light conditions determining its velocity. It 
seems highly probable, also, that mere fluctuation of the light condi- 
tions, as between daylight and darkness, may have a more or less 
definite effect upon the development of plants. We are certain that 
many physiological rhythms depend primarily upon this sort of fluctua- 
tions. As we have seen, however, the feature of duration is usually 
the last one to be carefully considered in the case of any environmental 
condition, and we need not be surprised to note that very little indeed 
has been accomplished in this direction regarding light influence upon 
plants. Until we are able to measure and control light conditions it 
must be quite hopeless to attempt any but the most superficial con- 
sideration of this aspect of the general problem of plant control. 
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V. CHEMICAL CONDITIONS. 
1. REQUIREMENT OF MATERIAL WITHIN THE PLANT. 


At the beginning of this treatment of the main categories of environ- 
mental conditions we discussed the water-relation of plants. Water 
was given a place by itself in our series because its importance in the 
organism, as has been seen, appears to depend more upon its solvent 
powers and power to be imbibed in the plant colloids than upon its 
chemical influence. But it has been pointed out that water also 
acts chemically in the plant, being one of the two substances chemically 
transformed in photosynthesis and likewise one of the two products of 
the process of respiration. It is probably chemically important in 
other ways, certainly playing an essential part in many processes of 
hydration polymerization, hydrolysis, etc. 

Of course there are innumerable other substances, besides water, 
that take part chemically in plant activities. We are apt to think 
first of the three great groups of compounds that have been called 
foods—the carbohydrates, fats, and proteins. These are apparently 
all essential to vital activity and even to the mere retention of life 
in the most dormant phases. Besides these there are a large number 
of substances of a more or less complex nature that are sometimes con- 
sidered as foods and sometimes not. Here may be mentioned gluco- 
sides, alkaloids, various lipoids like the cholesterins, phytostearins, 
etc. Also, substances of importance in certain of the simpler com- 
ponent processes of vital activity, like chlorophyll; the various 
enzymes—still of questionable nature—etc., may be classified here. 
Finally, in order that life may occur, there must be in the tissues a 
number of inorganic salts and their ionized products. These are 
not classified as foods by physiologists, although conservative agri- 
culturists are still prone to speak of them as “plant-foods.” They 
might better be termed auxiliary substances until some such time 
as the word “foods” may be dropped from physiology. The condi- 
tions in different protoplasms, in different plants, in different de- 
velopmental phases of the same plant and different parts of the same 
individual, are, however, so extremely varied that there seems little 
ultimate value in attempting to classify the various materials that 
are essential to plant activity. It is certainly far simpler, and prob- 
_ably as satisfactory in every way, to consider merely the material 
conditions of life, classifying the different substances on purely chemical 
grounds. We need here merely emphasize the well-known point that 
one of the prime conditions for organic life is the presence in the 
organism of innumerable kinds of chemical compounds. 

Since all vital activity must be regarded as material change of some 
sort, it is clear that the quantitative and qualitative relations between 
these many substances must be continually changing; the substances 
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of the cell are always tending toward chemical and physical equilib- 
rium. Such equilibrium is, of course, never really attained, even in 
the case of the dormant phases of plants, like seeds and spores. Thus, 
as long as life exists there is always in progress a more or less pro- 
nounced interchange of materials between the organism and its 
surroundings. Oxygen, for example, disappears in the process of 
normal respiration and carbon dioxid is produced. If no material 
exchange were possible, if the system of the plant were not continuous 
with that of the universe about it, then this process must shortly come 
to a standstill; an equilibrium between the internal diffusion tensions 
of oxygen and carbon dioxid must be reached, and no further oxidation 
might occur. Under existing conditions, however, a fall in the dif- 
fusion tension of oxygen within the plant-body immediately creates 
a diffusion gradient between the interior and exterior, and the gas 
finds its way in from the outside. Conversely, the mere occurrence of 
the process of respiration sets up an outward diffusion of carbon dioxid. 

It appears probable that, other conditions remaining constant, 
every substance might prove to have its maximum concentration, or 
its maximum and minimum, below or between which life is possible. 
We must expect, however, that the concentrations of other substances, 
as well as light and temperature conditions, will be found to alter these 
limits for any given substance. It hardly needs to be mentioned 
here that variations in the concentrations of non-aqueous materials 
accompany alterations in water-content. 


2. MATERIAL EXCHANGES BETWEEN THE PLANT AND ITS SURROUNDINGS. 


From the preceding paragraph it is to be inferred that the importance 
of the chemical environment, in determining the nature of plant 
growth, etc., and in limiting the kinds of plants that can exist in any 
given habitat, is definitely dependent upon the generalization that 
diffusion tends always to bring the plant-body and the surrounding 
media into concentration equilibrium. Two groups of conditions 
militate more or less against the attainment of this equilibrium: 
(1) The degree of permeability of the plant periphery to the diffusing 
materials, and (2) the rate of their transformation within the plant 
or of their removal from or supply to the immediate environment. 
Thus, if the air about a plant should contain ether-vapor, for example, 
the diffusion gradient would insure an inward diffusion of the ether 
until the vapor-pressure of the ether solution within the plant-body 
just equaled its partial pressure in the surroundings. If the plant 
epidermis were readily permeable to the poison it is clear that death 
must soon ensue, and a lower permeability could only postpone, but 
could not prevent, this result. It is probable that no substance 
exists to which the plant periphery is absolutely impermeable, though 
there are many that penetrate only very slowly. 
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If the inwardly diffusing substance be altered chemically upon reach- 
ing the interior of the plant, and if this process of alteration be capable 
of removing it as rapidly as it enters, it is clear that equilibrium be- 
tween interior and exterior, or even any considerable solution con- 
centration within the plant, can not be reached. Similarly, if some 
poison be produced within the tissues, as organic acids in the case of 
certain roots growing under low oxygen pressure,! and if the epidermal 
tissues be adequately permeable to this substance, then the concen- 
tration that is obtained within the cells must be determined by the 
possible rate of removal of the poison from the immediate surround- 
ings. A substance diffusing from roots may diffuse away through soil- 
moisture films, it may be absorbed by the solid-liquid surfaces of the 
soil, or it may be oxidized or otherwise transformed; but it is ob- 
viously essential that the poison be removed from the soil solution in 
the immediate neighborhood of the excreting roots; otherwise the rate 
of outward passage must be lowered, and the consequent rise of the 
internal concentration of this particular substance (supposing the 
process of its formation to continue at the original rate) might soon 
bring about a general upsetting of all the physiological processes so 
that death might finally ensue. 

If plant activity depends upon the absolute and relative concentra- 
tions of various substances within the body, then it is clear that 
variations in the concentrations of these substances in the environ- 
ment must be accompanied by more or less profound alterations in 
the physiological processes. We thus arrive at the well-known 
proposition that the concentration or diffusion tension of the various 
substances in the environment is of prime importance in determining 
how any plant may develop and, indeed, whether it may exist at all 
in a given habitat. It is immaterial whether the environmental con- 
centration of a substance at any time be the result of causes acting 
wholly without the plant or of internal processes; the end-result must 
be the same in either case. Thus, the lactic-acid organism of souring 
milk is checked or killed by the accumulation of its own excretions 
just as truly as though the acid content of the medium had arisen 
solely from external causes. 

It thus emerges that the chemical relation, unlike those of water 
and temperature but like that of light, must always be considered not 
only with reference to intensity but also in regard to quality. Just 
as there are many different wave-lengths of light that influence the 
plant differently, so there are innumerable chemical compounds, all 
differing qualitatively in their effect upon plants. Moreover, the 
effect of each one of these compounds varies not only with its own 


ee eee 
1 Stoklasa, J., and A. Ernest, Die chemische Charakter der Wurzelausscheidung verschie- 
denartiger Kulturpflaazen, Jahrb. wiss. Bot., 46: 52-102, 1908. 
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concentration (intensity), but also with that of many others. The 
general problem of the chemical relation of plants is, therefore, an 
exceedingly complex one, so complex, indeed, that the problem of the 
water or temperature relation becomes, by comparison, a very simple 
matter. 

Upon the chemical relation of plants depends, in large measure, our 
agricultural practice, and it is instructive to bear in mind the a priori 
considerations of the above paragraphs when perusing the current 
writings upon such questions as that regarding the use of fertilizers, 
for example. It is to be hoped that the succeeding developments of 
plant ecology and of agricultural theory may be characterized by 
greater catholicity of perception than has prevailed in the past, and 
that the forthcoming literature may be burdened with less of that 
familiar type of argument by which a single one out of many inter- 
related conditions is enthusiastically proclaimed as the real and only 
cause of some particular physiological phenomenon. 

There is much promise for the future in the study of chemical rela- 
tions, however. The qualities of the chemical environment of plants 
can already be quite readily determined; the identification of chemical 
compounds is no longer a general source of serious difficulty, and we 
are beginning to see some light in the darkness of our prolonged 
endeavors to determine the intensities (concentrations, diffusion ten- 
sions) of the various substances with which we have to deal. The 
interdependence of the influences exerted by the various chemical 
compounds occurring in the environment has recently attracted much 
attention, and this bids fair to be an important way by which agri- 
cultural theory may at length become physiological. Salt antagon- 
isms—the influence of the presence of a certain concentration of one 
salt upon the effect produced upon the plant by a certain concentra- 
tion of another—were first brought into prominence by Loew’, and 
are attracting much attention at the present time.” 


3. CHEMICAL ENVIRONMENT IN NATURE. 


In a discussion of environmental conditions, Livingston’ has sug- 
gested that perhaps the simplest and most obvious classification of 
these promises most at the present time, and he divides these condi- 
tions as a whole into those that are effective above the soil surface and 


1 Loew, O., Die Bedeutung der Kalk-Magnesiazalze in der Landwirtzchaft, Landw. Versuchs- 
stat, 41: 467-475, 1892.—Loew, O., and D. W. May, The relation of lime and magnesia to 
plant growth, U.S. Dept. Agric., Bur. Plant Ind. Bull. 1, 1901. 

2 Osterhout, W. J. V., On the importance of physiologically balanced solutions for plants, (I, 
fresh water and terrestrial plants, Bot. Gaz. 44: 259-292, 1907.—Tottingham, W. E., A 
quantitative chemical and physiological study of nutrient solutions for plant cultures, Physiol. 
Res. 1: 133-245, 1914 (this paper contains many literature references).—Shive, 1905b. 

3 Livingston, B. E., Present problems of physiological plant ecology., Am. Nat., 43: 369- 
378, 1909. The same paper, with some omissions apd modifications, appeared under the same 
title in Plant World 12: 41-46, 1909. 
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those that are effective below. All of our categories of external condi- 
tions are effective both above and below the soil surface, excepting 
light alone (as far as we now know), but it seems especially profitable 
to consider this classification with reference to chemical conditions. 

The chemical conditions above the soil surface are characterized by 
a striking and almost complete uniformity and symmetry. The air 
of different regions and of different habitats comprises practically 
always the same gases, and these, with the exception of water-vapor, 
occur with but little variation in their partial pressures. Of the sub- 
stances influencing plants, other than water, carbon dioxid exhibits 
the greatest variation, but even this variation appears to be, compara- 
tively speaking, of but little account. We may safely conclude that 
few plants in nature are ever appreciably influenced by variations or 
differences in the quality or intensity of the chemical environment 
above the soil surface.1 Small supplies of ammonia and inorganic 
salts may reach the plant from its aerial environment, but with these 
generally insignificant phenomena of absorption we need not deal here. 

When we turn our attention to the soil, we find a very different 
state of affairs. Every soil differs chemically from every other soil, 
the soil solution varying between wide limits in the nature and amount 
of solutes present.2 At one extreme of the series are thoroughly 
washed sands, in which are almost no dissolved material; at the other 
extreme are alkali soils, which are highly impregnated with soluble 
inorganic salts. In the middle region between these extremes, in 
most ordinary soils, it appears that the quality and concentration of 
the soil solution are without very great differences as far as inorganic 
compounds are concerned, but that these ordinary soils show very 
great differences in the kinds and amounts of organic matter present.® 

In spite of the great amount of work that has been devoted to the 
problems of the soil, the whole question remains as one that has 
hardly been really touched in a way to be of any present aid in problems 
of plant distribution. Of course, our general knowledge of the paucity 
of soluble matter in a few sands and of the superabundance of certain 
compounds in alkali soils is of definite value in this regard; but even 
here the strictly quantitative aspect of our problems remains wholly 
for the future to develop. 


1 Tf atmospheric ionization should prove an important chemical feature influencing plants in 
nature, and if this varies from place to place and from season to season, then this statement may 
require modification in this regard. See report of Spoehr’s work in MacDougal, D. T., Annual 
Report of the Director of the Department of Botanical Research, Carnegie Inst. Wash. Year 
Book No. 138, 87-88, 1915. 

* Cameron, F. K., The soil solution, the nutrient medium for plant growth, Easton, Pennsyl- 
vania, 1911. : 

3 Livingston, Britton, and Reid, 1905.—Livingston, 1907), Schreiner, O., Organic compounds 
and fertilizer action, U.S. Dept. Agric., Bur. Soils Bull. 77, 1911.—Schreiner, O., and BE. C. Lath- 
rop, Dihydroxystearic acid in good and poor soils, Jour. Amer. Chem. Soc., 33: 1412-1417, 1911. 


Also numerous other papers from the Bureau of Soils, U. S. Department of Agriculture, deal 
with this matter. 
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4. DURATION ASPECT OF CHEMICAL CONDITIONS. 


Since the chemical environment of the plant is effective through con- 
trolling the internal chemical conditions, and since such control is 
manifested by outward and inward diffusion of material, it follows that 
any given change in environment may produce the response of changed 
activity in the plant only after the lapse of an adequate time period. 
Diffusion of material through water requires considerable time in every 
instance. Also, the physiological processes of the plant can produce 
material transformations only in proportion to the length of time 
during which they are operative at their different velocities, these 
velocities being in part controlled by internal chemical conditions. 

The study of this feature of the chemical relation has just begun, and 
it surely demands much attention. What may be the effect upon the 
final result of a plant’s activity, of frequent fluctuations in the chemical 
nature and intensity of the surroundings, we are unable as yet to 
surmise. 


VI. MECHANICAL CONDITIONS. 
1. GENERAL CONSIDERATIONS. 


All environmental conditions that are effective to influence plant 
activity through pressure of material en masse are to be classified 
as mechanical. From this point of view it matters not how the pres- 
sure may have originated or whether actual molar motion be produced. 
We should thus consider the flattened root which is confined within 
a rock-cleft, the one-sided development of trees growing in a wind- 
swept mountain pass where the direction of air-movement is predomi- 
nantly the same, the deformed branches, etc., produced by a heavy 
fall of snow, and the fantastic forms often exhibited by shrubs such as 
the hawthorns when continually browsed by animals, as all due to 
mechanical conditions. A mass pressure applied from without may 
merely hinder expansion of tissues, it may tend to compress certain 
parts or organs, or it may actually bring about a tearing or cutting of 
the tissues. ie 'ahs) wie 

One special form of mechanical pressure, which is of basic im- 
portance in plant growth, is definitely due to external conditions, but 
is first developed within the plant-body. We refer to the asym- 
metrical pressures produced in tissues and cells by the action of gravi- 
tation. Here an influence, still practically unknown excepting in 
its most general aspects, not a simple pressure of body upon body nor 
a diffusion of material, nor yet any form of energy transfer that is 
apparently at all immediately related to light, heat, and electricity, 
reaches from the external world through the periphery of the plant 
and largely controls certain forms of cell activity. In this we may 
be fairly certain that the material condition within the organism, 
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which is proximately or immediately responsible for the peculiar 
influence of gravitation, is pressure asymmetrically developed. That 
this asymmetrical internal pressure that results when the position of 
a plant is altered with references to the earth’s center of inertia first 
produces a molar movement of certain portions of the cell-contents, 
and that this pressure and movement, with the new configuration of 
protoplasmic particles when gravitational equilibrium is again estab- 
lished, is the cause of the altered cell activities known to be produced 
by such change in the position of a plant, is the logical supposition 
which has been developed into what of theory we as yet possess in this 
general connection. Since the variations in the intensity of the gravi- 
tational influence that occur over the surface of the earth are quite 
negligible when considered with reference to the effect of this factor 
on plant development, it is obvious that gravitation does not require a 
thorough consideration at the hands of the ecologist or agriculturist. 
Here is one external factor, at least, which is practically identical in all 
habitats, as far as plant control is concerned. 


2. DESTRUCTIVE INFLUENCES OF MECHANICAL CONDITIONS. 


It seems probable that the pressures developed when roots grow 
against or between rocks and other objects that they can not pene- 
trate may sometimes be a considerable factor in determining the 
success or failure of individual plants; but it is not at all likely that 
this consideration is important in the distribution of plants among 
different habitats. The only forms of mechanical influence from 
without that appear to be generally important to plant distribution 
and to agriculture are those due to (1) wind, (2) water, and (3) animals. 
In relatively few cases soil-movements, such as landslides, the caving 
of bluffs, etc., need to be brought directly into account in explaining 
the vegetation of habitats of limited extent. Ice-movements, as at 
the lower ends of some glaciers and at the margins of streams and 
lakes, are often the source of plant destruction in such places. With 
the mechanically destructive action of animals may be mentioned a 
somewhat similar action of other plants or plant parts, but here rela- 
tions other than mechanical are also frequently to be considered. 

The action of wind in differentiating the vegetation of different plant 
habitats has often been dwelt upon in ecological literature. It must 
be remembered, however, that this action is at least twofold; air-move- 
ment not only exerts a deforming or breaking pressure upon the plant- 
body, but it also profoundly affects the water-relation through increas- 
ing the evaporating power of the air, as this is effective both upon 
plant and soil. In connection with wind influence may be mentioned 
the cutting action of blown sand, really a factor that should be con- 
sidered with that of soil-movement (which includes the influence of 
rolling stones), and with that of ice, as above mentioned. 
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The direct mechanical effect: of flowing water is familiar to everyone, 
and it must be accounted of great importance in determining the 
nature of the vegetation of many stream margins, as well as of streams 
themselves, of intermittently flooded stream-channels in the arid 
regions, and of sea and lake beaches. Other factors undoubtedly are 
coeffective in such cases, however. 

The influence of animals upon vegetation has not been much em- 
phasized in plant ecology, but it is undoubtedly of considerable impor- 
tance in many cases, as when seeds are thus mechanically destroyed in 
such large numbers that the establishment or spread of a species is 
rendered practically impossible. This factor in distribution is usually 
operative only on certain developmental phases of the plant; often the 
seedling stage is preeminently in danger of destruction by animals. In 
agriculture and horticulture—practical ecology under more or less 
artificial conditions—the influence of animals is of prime importance 
and has perforce received much attention. Fences, traps, scarecrows, 
insecticides, and even trespass warnings are material evidences of the 
importance ascribed to the direct mechanical influence of animals upon 
the plant population. For the most part, methods have been readily 
devised for more or less thoroughly removing this source of danger to 
cultivated plants. Among the different groups of animals, insects have 
probably been the least easily combated, and much attention is still 
being devoted to this important destructive factor. It will be an 
interesting and important chapter of agricultural ecology when the 
geographical distribution of various forms of animals is correlated with 
that of the regions where the various crops may be successfully grown. 
Livingston! has mentioned the apparent importance of animals in de- 
termining the very existence of irrigated seedlings in the dry season at 
Tucson, and we have often made observations in that same region that 
suggest a rather important relation between certain plant-forms and 
animal activity. It seems probable that the destructive action of 
animals is relatively more important in arid regions than in most others. 


3. FAVORABLE INFLUENCES OF MECHANICAL CONDITIONS. 


Wind, water, animals, etc., as is well known, frequently accelerate 
the spread of plants throughout large areas. In the majority of these 
cases it is a dormant phase, as of seeds, that is moved about. It is 
also true, however, that fragments of the plant-body other than seeds 
may be torn or broken away, being removed to another locality and 
there continuing development. Such is often the case with willow 
twigs, which float downstream and find lodgment and conditions for 
growth in a muddy bank. The movement of cactus branches in the 
arid regions of the American Southwest has been mentioned above. 


1 Livingston (19066), page 58. 
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Books on ecology may be consulted for many instances of mechanical 
influences that increase the geographic range of the activities of 
plants, these being usually and curiously described as adaptations by 
which plants “have come to be”’ fitted to growth in certain habitats, 
rather than as environmental adaptations by which the habitats have 
become fitted to support certain kinds of plants! 

Practically none of these considerations, however, pertain logically 
to a study of the proximate or immediate conditions controlling plant 
activities; these mechanical agencies of transport are of only secondary 
interest; they may be said to be only causes of causes. Thus the 
immediate external conditions usually considered as causing the 
germination of a seed must be the entrance of water, of oxygen, and 
of heat, and the reason for the occurrence of these immediate condi- 
tions is to be sought in the preceding mechanical transport of the 
seed. Of course such secondary causes are of great importance, and 
it is often practically impossible to approach nearer than these to the 
real seat of the external control of plant processes. While superficial 
and merely qualitative studies upon such influences have been fre- 
quent, the deeper-going quantitative and comparative work upon 
them remains almost entirely for the future. 


VII. INTERRELATIONS OF THE ENVIRONMENTAL CONDITIONS. 


The present section is appended here merely to emphasize a feature 
of the discussion of environments that has already received some at- 
tention at several points in the foregoing pages, namely, that external 
influences are seldom or never singly effective upon plants. Three 
considerations in this connection require a short treatment: 

(1) The more remote conditions of the external world, in bringing 
about the occurrence of any given influence upon plants, usually 
inaugurate other influences at the same time. Thus, with an increase 
in the amount of soil-moisture, the permeability of the soil to oxygen, 
the concentration of the soil solution in salts, ete., and the power 
of the soil to retain or give up heat, are more or less profoundly altered. 
With an increase in the intensity of impinging light comes also an 
increased income of heat to the foliage, and consequent alterations 
in aerial convection currents about the plant. 

(2) The same external condition usually influences the velocity of 
more than one of the elementary component processes of the organ- 
ism. Thus, phosynthesis, respiration, digestion, excretion, secretion, 
growth, etc., are all greatly influenced by such fundamental environ- 
mental relations as those of water, temperature, light, ete. 

(3) Since every elementary physiological process is thoroughly 
bound up with many other concomitant processes, it follows that an 
external change that alters only one process directly may indirectly 
be the cause of alteration in many others. If the secretion process, 
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for example, by which cell-walls are thickened or modified, be increased 
in velocity, this internal change must directly or indirectly alter the 
concentration and chemical nature of the solutions of the affected 
tissues. The formation of cork, cuticle, etc., profoundly alters the 
transpiring power of aerial plant surfaces, and similar modifications 
in roots must produce a changed absorbing power for solutes as well 
as for water. 

It is thus emphasized how difficult and arbitrary must be any 
attempt sharply to distinguish external from internal conditions, and 
how practically impossible it is at the present time logically to analyze 
the latter so as to begin to attain quantitative information concerning 
the various relations that have been roughly and crudely outlined in 
this chapter. Our reason for submitting this unsatisfactory treatment 
of the general subject of plant-relations is that the fundamental im- 
portance of these is not only theoretically but practically very great, 
and it seems time that a systematic beginning were made in some of 
the directions suggested by the foregoing incomplete analysis. If our 
treatment stimulates quantitative and comparative studies of plant 
environments, so that the present publication may soon be looked 
upon as useless and quite out of date, our aim will have been realized. 
The difficulty involved in really scientific studies of plant-relations 
ought not to be a legitimate reason for their omission and for the 
continuation of the pioneer sort of qualitative descriptions and teleo- 
logical interpretations, which appear to belong rather in the realm 
of ‘‘nature-study”’ and natural mythology than in that of true science. 
There are, however, already many ecological and agricultural studies 
on record, wherein the more logical point of view of the more ad- 
vanced physical sciences is given prominence, and the future of this 
aspect of biology seems to be assured. 


VIII. EXPERIMENTAL DETERMINATION OF RELATIONS BETWEEN 
PLANT ACTIVITY AND ENVIRONMENTAL CONDITIONS. 


It is perhaps not out of place here to devote some space to a con- 
sideration of the general character of the methods which must be 
employed in the more accurate determination of the relations with 
which the present chapter has had superficially to deal. As in all 
such cases, the only possible method of procedure is the experimental, 
and the experiments must be carried out with all the foresight and 
logical planning that characterize the work of the modern physical or 
chemical laboratory. The importance of this line of inquiry can not 
be overestimated; it is to be regarded as quite indispensable to the 
scientific advancement not only of ecological knowledge but of that 
most essential of all human activities, agricultural practice, and its 
pursuit is surely well worth the time, energy, and money that it 


would require. 
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The experimentation needed is exceedingly complicated and ex- 
pensive, at least from the present standpoint of biological science, 
but would probably not prove particularly difficult in competent hands. 
A special laboratory is of course required—not a series of office rooms, 
nor the mere contents of an architectural exterior, but a carefully 
planned and elaborately and logically equipped building or series of 
buildings, with the requisite greenhouses, cellars, constant-tempera- 
ture rooms and the like. The main requirements of the work here 
contemplated are a variety of controlled conditional complexes, under 
which plants may be grown. Many of the methods of such control 
have still to be devised, but enough has been accomplished so that 
ultimate success may be regarded as assured. The moisture conditions 
of soil and air can be controlled with comparatively little trouble, as 
can also those of temperature. The control of chemical conditions 
offers a field for the exercise of ingenuity, and that of light and electric 
conditions will require still more attention. 

Many investigators in plant physiology have been able to control, 
in more or less satisfactory ways, one or two, rarely three or four, of 
the influential conditions, but no plant has ever yet been studied with 
even approximate control of all the influential conditions of its surround- 
ings. Since the influence of any condition is determined by the 
others, it is clear that, for any true appreciation of the relations be- 
tween plant and enviroment, all of the influential conditions must be 
quantitatively known. 

The suggestion here put forward, that thoroughgoing quantitative 
studies on the relations between environmental conditions and plant 
development are to be regarded as the only logical basis for a truly 
scientific ecology and agriculture, and that such studies are not possible 
without the elaborate facilities of a specially constructed laboratory, 
was largely included in a plea for a climatic laboratory made by A. P. 
de Candolle as early as 1855 in his Geographie Botanique Raisonée. 
Apparently the idea has never borne fruit. In 1891 Abbe! repeated 
and indorsed the suggestion of de Candolle. The utter lack of apprecia- 
tion with which the arduous work of Abbe was received, in bringing 
together what he could in a limited time, of the literature bearing 
upon the relation of agricultural crops to climatic conditions, is to be 
estimated from the mere fact that his summary lay unpublished for 
14 years and was at length brought out, in apparently perfunctory 
form, only in 1905! 


1 Abbe, Cleveland. A first report on the relations between climates and crops, U. S. Dept. 
Agric., Weather Bur. Bull. 36, 1905. See especially p. 23 et seq. 


THE CLIMATIC CONDITIONS OF THE UNITED STATES. 
I. INTRODUCTORY. 


From the last paragraph of the preceding chapter it is clear that no 
adequate description of the environmental conditions that obtain in 
any area is even to be attempted for a long time. In the present 
chapter will be brought together merely the results of certain studies 
which we have been able to carry out upon a very few conditions, and 
upon large areas. Some of the conditions studied do not directly 
affect plant life at all, it being usually impossible as yet to obtain 
quantitative information upon the subjects most pertinent to our 
general line of inquiry. Only in a single case have we attempted 
actually to obtain measurements of an environmental factor de novo; 
for the rest we have simply made use of data already collected. As is 
clear from the preceding analyses, to obtain the kinds of information 
most needed for such a study as the present methods, will have to be 
employed which are as yet quite unknown; adequate procedures re- 
main to be devised. Nevertheless, so great is the inertia of routine 
that there is little hope that the trend of observational work will alter 
very profoundly in the near future, and, as has been stated, we have 
deemed it advisable to make what use is now possible of the informa- 
tion at hand, with the hope that the very inadequacy of our whole 
presentation may itself be a potent stimulus toward the acquirement, 
in the future, of the kind of climatic observations upon which alone 
anything like a scientific ecology or agriculture may eventually be 
founded. 

Of the five main groups of external conditions which influence plant 
activities, discussed in outline in Chapter II, we shall consider here, 
and very inadequately, only the first three—moisture, temperature, 
and light. For the subjects of chemical and mechanical conditions 
no information that is at present available can be brought to bear 
upon the problem of plant distribution in a broad way. It seems 
probable, indeed, that the distribution of vegetation types is only 
rarely determined by any of the last-named conditions, though the 
detailed distribution of many species in any relatively small area is 
probably often related to chemical and mechanical influences. 

The information so far accumulated upon environmental conditions 
has not been obtained primarily with reference to plant activities; it 
has been brought together mainly in the interest of meteorology, clima- 
tology, and weather prediction. Therefore it is impossible at present 
generally to select for study those conditions that directly affect the 
plant. We have been forced, in the main, to study conditions or 
factors that are more or less remote causes of the immediate conditions 
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influencing plants. This is not always the case, however, for the air 
temperature of the climatologist and meteorologist is the temperature 
condition of the aerial environment of organisms, and the evaporating 
power of the air is a factor that directly affects the rate of water-loss 
from the aerial parts of plants and animals. Both of these immediate, 
and thus truly environmental, conditions we have been able to con- 
sider to some extent. On the other hand, such climatic factors as 
rainfall, humidity, vapor-tension of water, wind velocity, and duration 
of sunshine are all recognized climatic factors, concerning the distribu- 
tion of the various intensities of which many data have been accumu- 
lated, but which have no direct influence upon plant activities. These 
climatic factors are very important, however, and often exert a con- 
trolling influence upon the more directly effective environmental 
conditions. Thus, the partial pressure of water-vapor in the air and 
the rate of air-movement influence the evaporating power of the sur- 
roundings. Rainfall greatly influences soil-moisture, and hence the 
ability of the soil to supply water to root surfaces, but it does not 
determine this environmental condition, for other factors, such as the 
physical nature of the soil, its exposure, subterranean water-flow, 
etc., must be taken into consideration in this connection. It therefore 
became necessary not to restrict our studies to immediately effective 
conditions, but to consider in most cases the more remote climatic 
factors which meteorology and climatology have placed at our disposal. 

The subterranean environment of plants has not, as yet, been 
studied in any way at all adequate to the present purpose, and our 
knowledge of the relation of this to plant distribution is still in the 
first stages of the purely observational phase. It has therefore been 
impossible for us to devote serious attention to this exceedingly im- 
portant category of environmental conditions. Nevertheless, on 
account of a general similarity of the prevailing soils of most of the 
broad vegetational areas of the United States, our studies of the rela- 
tion between the available measurements of the aerial conditions in 
connection with vegetational distribution are not as unsatisfactory as 
they might otherwise be. In the majority of the great vegetational 
areas with which we have to deal, the prevailing soil is a clay or a 
clay loam, with usually a rather deep-lying subterranean water- 
table, and with a more or less pronounced admixture of organic 
matter, and the prevailing vegetational types are, in the majority of 
cases, found upon this character of soil. Exceptions to this generaliza- 
tion are swamps and marshes on the one hand and sandy regions on 
the other. The general vegetational type of broad marshlands appeals 
to be about the same for a great range of aerial conditions; thus, these 
bear the same physiological types of plants under the climatic con- 
ditions of Baja California as under the very different ones of the 
southeastern coast. Also, the physiological characters of many plants 
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of the sand dunes of the Atlantic coast, of the Great Lake region, and of 
the Southwest are very similar. Furthermore, the pine forest of the 
Southeast is characteristic only of sandy soils and has the same physio- 
logical character as have the sandy pine plains of NewJ ersey, Michigan, 
Wisconsin, etc. The heavier soils of these regions all bear a very 
different type of vegetation. 

It has long been the practice of ecological and agricultural writers, 
in discussing any given region, to present rather elaborate tabulations 
of meteorological data as a sort of description of the region con- 
sidered, and then to turn to the discussion of the vegetational phe- 
nomena in hand, usually without any attempt to correlate the two sets 
of descriptive data. There seems to have been no doubt that there 
as some sort of relation between vegetation and the usual sets of 
climatological observations, but each author has contented himself 
with presenting the results of such observations, apparently with a 
faith that someone in the future might be able to interpret them. 
It has appeared to us high time that some serious attempt were set 
on foot to develop promising methods for such interpretations. 

It has therefore been necessary, throughout our studies of environ- 
ment, to choose and devise methods for handling the climatic data 
that are at hand, so as to derive from them as much information as 
possible about their probable influence upon plants. In many cases 
this choice of method has been based mainly upon general physio- 
logical theory rather than upon actual knowledge, since, as has been 
pointed out, adequate results of actual tests of the influence of climatic 
conditions upon plants are not to be looked for until very special 
facilities for this work have become available. One of the ideal aims 
that we have held in view during the years which these studies have 
occupied is the ultimate attainment of what may be termed environ- 
mental formulas, which might express the minimum, optimum, and 
maximum for each of the effective environmental conditions for any 
given plant-form or vegetation type. It is clear that the time is not 
yet ripe for the establishment of more than tentative and general 
suggestions in this direction, but several such suggestions will appear 
in following pages. It is here to be emphasized, however, that such 
formulas are the legitimate end of such investigations as these." 

In the following sections we shall bring out the results that we have 
been able to obtain by various methods of treatment of the available 
climatological data. Most of these data have been obtained by the 
U. 8. Weather Bureau for other purposes, commercial and political, as 
well as meteorological, as it appears. Our sources will be given in their 


proper places. 


i i o4 i i but from a different stand- 

1 The idea of such formulas is not new; it has received attention, ; 
point, from some of the phenologists. Simple formulas by which two factors are combined to 
give single climatic index have been brought forward by Transeau, by Shreve, and by Livingston. 


These will be considered in another place. 
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The present treatment is a purely geographical and climatological 
study, wherein it is sought to determine the approximate distribution 
of different climatic types in the United States. Since the aim of 
Part III of this publication will be to study the comparative distribu- 
tion of vegetation types and climatic areas, it has seemed desirable 
to prepare many of our climatic charts upon a base-map showing by 
different patterns the distribution of the great general vegetational 
areas of the country. The discussion of the climatic ranges of the 
several vegetational types will be reserved for Part ILI. 

The climatological charts themselves have been prepared, as far 
as possible, directly from the particular set of data involved, in the 
same manner as is the common practice in climatological work in 
general. The numerical data were first placed upon a copy of the 
Relief Map of the United States, of the U. 8. Geological Survey, 
(17 by 272 inches, hypsometrically colored and also furnished with 
contours for altitude), the numbers being written near the positions 
of the respective stations. Then the isoclimatic lines were sketched 
in in pencil and the map laid away for a time. At a later date it 
was worked over a second time and changes made that seemed to bring 
the lines nearer toward expressing the probable truth. 

In this revision the topography of the country was constantly 
scrutinized and the contour-lines of the base-map were allowed to 
influence the course of the isoclimatic lines in many instances, especially 
where the stations for which data were at hand were too far apart to 
show the true directions of these lines. The preparation of charts 
of this sort is at best largely a matter of guesswork; information is 
not available for the plotting of climatic details. For meteorological 
purposes it is usually quite undesirable to have charts showing such 
details, but for our purposes they were quite essential. It thus be- 
came evident early in the present studies that the method commonly 
used in the drawing of meteorological charts—of carrying isoclimatic 
lines from plain to plain directly over high mountain ranges, with 
little or no attention to altitude—should not be resorted to here; 
at least it should not be used on so grand a scale as is common in 
meteorological work. Furthermore, the degree of approximation to 
the actual truth is surely often greatly increased by a due regard to 
topography, rather than by an almost blind following of inadequate 
_ climatic data modified only by a desire for lines as smooth as possible. 
‘If we are aiming at as true a picture of natural conditions as is at- 
tainable, it is obviously more undesirable to pass a given line over 
a locality where we are absolutely certain it should not pass than to 
draw it through some other area where it surely does pass and wherein 
only its proper placing is questionable. Thus, if there be given two 
stations with the same climatic datum, on either side of a range of 
mountains, it may be taken as certain that the conventional joining | 
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of these two points on the chart, by means of a line passing directly 
over the mountains, is absolutely certain to be wrong. On the other 
hand, whether to bend the connecting-line to right or left in passing 
around the range may not be apparent at all from the data of other 
stations, so that it might be drawn either way. Whichever way the 
truth might require the line to be turned, it seems that either way 
is a better approximation than the method of directly connecting 
the two datum-points, which we may be sure is incorrect. Usually 
other climatic factors, known to be related to the one receiving atten- 
tion, may be used to throw the weight of probability in one direction 
or the other. 

In our charts we have followed this method of rational guessing 
and have tried not to pass isoclimatic lines through points where we 
are practically certain they do not belong. We have also attempted 
to interpret the various climatic features by as nearly similar criteria 
as are possible in the nature of the different cases, and have tried 
to correlate our guesses in regard to related climatic features. The 
future may be expected to show egregious errors in many instances, 
but the discovery of such errors may lead to progress. 

After the revision of the charts, by means of the topographic con- 
tours and hypsometric coloring of the base-map, they were again laid 
aside and later were carefully scrutinized and corrected where appar- 
ently necessary, with reference to one another and to a large relief- 
map of the United States.1. Only after these repeated studies and 
revisions had been accomplished were the climatological charts traced 
upon the generalized vegetation maps, or whatever base maps were 
requisite, and the lines inked in. 

The charts resulting from the above-described methods of procedure 
are characterized by very irregular lines in the western part. While 
we are convinced that many of these western isoclimatic lines are 
quite probably wrongly drawn (the data at hand are so unsatis- 
factory and the available stations are of such inadequate number and 
distribution), yet we think that an attempt to interpret, as far as pos- 
sible, the scanty information that is available should advance our 
knowledge of this important subject of climatological zonation more 
than would be possible from smoother lines drawn mainly without 
reference to topography, or from the complete omission of any attempt 
at a chart of these complex western regions. eestor, 

As has been pointed out above, the drawing of isoclimatic lines is 
frequently a matter of selecting the most probable of several directions 
and positions, all of which are possible from the standpoint of the 
limited climatic data. Even with an excellent series of data, no two 
workers would place a given line in exactly the same position through- 


1 The ‘Relief map of the United States,’’ Atlas School Supply Co., Chicago, on which altitude 
is actually expressed by magnified relief. 
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out its course. This possible difference in the interpretations of two 
students is the more emphasized, the more complex are the climatic 
characters of the regions dealt with, and the less adequate are the data 
available. We have therefore become convinced that, for the sort 
of subject that is here involved, it is quite wide of the mark for a 
writer to transform his series of data into charted lines and to publish 
merely the chart. It is quite essential that the data themselves, on 
which the chart is based, be placed in the hands of those who are 
interested. In the climatic studies which follow, we have been careful 
to point out just how each series of data have been derived and have 
uniformly presented these data by means of tables. The positions 
of the stations for which data were employed are generally shown upon 
the charts by small circles. 

In the following discussions, the different conditions or climatic 
features will be treated serially, under the three sectional headings, 
‘‘Temperature,’’ Moisture,” and ‘Light,’ each one of which will be 
subdivided. 


Il. TEMPERATURE CONDITIONS. 


1. DURATION OF TEMPERATURE CONDITIONS. 
(A) PRELIMINARY CONSIDERATIONS. 


Probably the most important environmental condition in the de- 
termination of plant distribution is the length of season or seasons, in 
each year, during which growth may occur. These are seasons, or 
time periods, during which every one of the factors of the surround- 
ings exists in an intensity or quality such that growth activities can 
go forward. If a single factor were effective beyond the limits for 
growth—in its quality or intensity—then this must suffice to throw 
the plant into a dormant phase, in spite of the fact that other factors 
might still be favorable to growth activities. 

Directly or indirectly, the ebb and flow of the environmental condi- 
tions affecting organic life are dependent upon astronomical causes, 
and the annual rhythm so commonly manifest in plant activities, as 
far as this is due to alterations in the surroundings, may be traced 
finally to the movement of the obliquely placed earth along its orbit 
and to the resulting procession of the equinoxes. This rhythm is 
always, then, either itself a temperature rhythm or else it is more or 
less directly connected with a temperature rhythm. 

This fact that the seasonal temperature fluctuations stand in a 
casual relation to the fluctuations in the other environmental condi- 
tions has given us logical reason for basing many of our climatic 
studies upon the duration aspect of the temperature factor. To this 
must be added the practical reason that temperature fluctuations, in the 
United States as well as elsewhere, have been much more thoroughly 
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studied than have the seasonal changes occurring in any other 
climatic factor. Still another consideration to be mentioned in this 
connection is this, that the most advanced modern civilizations of the 
world have developed in humid temperate regions, where temperature 
changes seem to be actually the immediate causes of the annual rhythm 
in plant activities, and hence the temperature-relation in its general 
aspect is more familiar and more useful to most of us than might be 
any other. Practically only in arid regions do moisture conditions 
play an important and direct réle in determining the march of the 
natural vegetational seasons, and the light-relation as such is perhaps 
never important in this connection with outdoor vegetation. By 
greenhouse culture in temperate regions the summer temperature 
season is prolonged throughout the winter, and here alone is it notice- 
able that plants often suffer, during the early winter months, appar- 
ently for lack of light. In the open, however, whenever temperatures 
favorable to growth prevail, the light intensity is much greater than it 
is in winter in our greenhouses. 

Since natural fluctuations in temperature are usually characterized 
by being gradual and continuous, it is quite impossible, even for a 
single year and for a single plant, to determine sharply what are the 
time limits of the growing-season. It is much more difficult to fix 
seasonal limits in general; the only method at all possible here is that 
of averages. Thanks to the elaborate routine observations continued 
through many years by the United States Signal Service and its 
successor, the United States Weather Bureau, a vast accumulation of 
temperature data are at hand for a large number of stations in the 
United States. From these it is possible to determine averages and 
means, of various types and by various procedures, which may be 
taken as fairly representative of the average conditions of the country 
throughout a series of years. It is these temperature data, and the 
results of various mathematical treatments of these, upon which we 
base our temperature considerations. 

Data bearing upon plant activities, sufficiently detailed to be at 
all comparable to the temperature data just mentioned, are totally 
lacking, and must remain so long after the much-needed laboratories 
for the study of environmental relations shall have become available. 
While the discouraging character of this state of affairs is pronounced 
enough, nevertheless it need not cause us to refrain altogether from 
attempts to relate growth activities of plants to temperature conditions. 
Considerable preliminary information, and perhaps some that will 
later prove to be of a deeper-going sort, may be obtained if we 
merely approximate the temperature limits of general plant growth by 
a simple inspection of the knowledge which is available at present. 
Everyone who has dealt with plants at all, from the standpoint of the 
temperature relation, is convinced that the occurrence of a “killing 
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frost” (in the agricultural sense) practically marks the end of the active 
season for the vast majority of plants. The average dates of occur- 
rence of the last killing frost in spring and of the first in autumn should 
furnish us with a valuable index to the approximate length of the 
temperature season of general plant activity at any given station. It 
is of course well known that the growth activities of many plant- 
forms are checked and that death of all but dormant phases frequently 
ensues with temperatures far above those requisite for the recurrence 
of a killing frost. It is just as clear, however, that many forms make 
a considerable growth before and after the frostless season, which we 
consider as limited by the average dates of occurrence of the last and 
first killing frosts respectively. 

It seems therefore safe, in default of any better means for improving 
our knowledge, to resort to the average length of the frostless season 
as the basis for the duration aspect of the temperature conditions in 
the United States.2, A somewhat detailed consideration of the frost- 
less season in the United States will comprise the next following sub- 
section. 

It will have been remarked that no attention has here been directed 
toward an approximation of the upper temperature limit for plant 
growth. This matter will receive some consideration in the sequel, 
but it may be remarked here that it is not nearly so easy to attain 
to an approximation of this general maximum as of the general mini- 
mum for plant growth. This is partly due to the fact that the effect 
of freezing is quickly manifested upon many living plants, while in- 
jurious effects of high temperature are generally but slowly exhibited 
and therefore less readily observed. Furthermore, the response to 
frost is almost always a direct and unequivocal effect of the surround- 
ing temperature upon the organism, while with high temperatures, 
alterations in the transpiration-rate, and in the rate of possible water- 
supply to plant roots—alterations in the water-relation, in short— 
become quite hopelessly confused with the temperature effects. It 
seems probable that relatively few plants will be found that are directly 
prevented by high temperature from thriving anywhere in the United 
States. Wherever this appears to be the case, a more thorough ex- 
amination of the facts has usually resulted in the conclusion that the 
high temperature is at least primarily effective only as the more remote 
climatic cause of an alteration in the moisture-relation. 


2 On the employment of the average length of the frostless season in this sort of studies, see the 
following: Livingston, B. E., Climatic areas of the United States as related to plant growth; 
invitation paper read before the American Philosophical Society, Philadelphia, April 1913, 
Proc. Amer. Phil. Soc. 52: 257-275, 1913.—Livingston and Livingston, 1913.—Fassig, O. a 
The period of safe plant growth in Maryland and Delaware, Monthly Weather Saas 
42: 152-158, 1914. Fassig calls attention to the fact that the occurrence of the last and first 
minimum of 32° F. furnishes as good a criterion for the determination of the average length of the 
growing season, and perhaps a better one, than does the occurrence of actual killing frost. 
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' But the occurrence or non-occurrence of a given plant-form in a 
given region depends upon other features than length of the season 
of active growth. As was mentioned earlier, it frequently occurs that 
the limiting condition preventing the occurrence of a certain plant in 
any area is to be sought in the nature of the surroundings during a 
dormant period. The length of the season or seasons during which 
growth can not occur is perhaps frequently as important in plant 
distribution as is the duration of the growing-period itself. Also, 
if environmental conditions are adverse enough they may result in the 
destruction of plant protoplasm even in its dormant phases, and it 
thus becomes necessary to study the duration of extremely low tem- 
perature, a thing which it seems quite possible to do and to which we 
shall devote some space in the present section. 

We turn our attention now to the variations in the length of the 
average frostless season throughout the United States. 


(B) THE LENGTH OF THE PERIOD OF THE AVERAGE FROSTLESS 
SEASON. (TABLE 2, PLATE 34.) 


Although data for the determination of this exceedingly and very 
obviously fundamental condition of plant growth, whether it be 
agriculturally or ecologically considered,! have been in existence and 
have been increasing in volume and in value for a long time, it is 
apparently not until very recently that the subject has received even 
cursory mention in the literature. Abbe (1909), in his excellent re- 
view of the literature upon the relation of climates to crops, already 
cited, makes no reference to the length of the frostless season as a 
climatological feature. As has been mentioned, this work should be 
connected with the date of its preface (1891) rather than with that of 
its long-delayed publication. It is thus highly improbable that this 
feature of climate had entered very seriously into the considerations 
of workers in climatology up to about the year 1891. 

The publication in 1906 of Henry’s elaborate presentation of the 
climatological data available for the United States’ put the informa- 
tion upon spring and autumn frosts, that had been collected up to 
that time in this country, into a form so that it could be made use of. 
In the early stages of the studies reported in the present publication, 
in the winter of 1909-10, Mrs. Grace J. Livingston undertook to derive 
an approximation of the average length of frostless season for each 
station for which Henry gives the requisite data. This was done by 

1 “Probably no factor in the study of climate from the standpoint of the agriculturalist should 
be given more consideration than the average length of the growing-season. This is the key to 
an actual knowledge as to the possibilities of success or failure in the production of crops, since 
in practically all portions of the United States agricultural products are menaced by frost at some 
period of their growth.’’ (Day, F. C., Frost data of the United States, and length of the crop 


growing season, as determined from the average of the latest and earliest dates of killing frost, 


U. S. Dept. Agric., Weather Bu. Bull. V, 1911.) ; ; 
‘Henry, A. J., Climatology of the United States, U.S. Dept. Agric., Weather Bu. Bull. Q. 1906. 
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determining the number of days intervening between the average dates 
of the last killing frost in spring and the first in autumn, It was 
realized that these average dates for many of the stations were not 
based upon adequate observations, but it was thought desirable to 
make what use was possible of the data at hand as being the best that 
were available, and our studies progressed satisfactorily, using the 
lengths of the frostless season thus derived. 

About 1910! a series of frost data for the United States, much more 
complete than that presented by Henry, became available through 
the publication by the United States Weather Bureau of the 106 

. . . ‘ 
summaries by sections. In the following year appeared Day’s “ Frost 
Data of the United States” (loc. cit.,) which comprises several forms 
of frost charts, including one (Chart V) of the average length of the 
crop growing season, days. This bulletin contains no presentation of 
the data from which the charts were prepared and no reference to any 
publication wherein the student may find these,’ but, through the 
kindness of Professor Day, we have been informed that most of the 
data for the preparation of the charts were taken from the summary 
above mentioned. 

Under the heading ‘‘Source of Data,” the following statements are 
made in Bulletin V: 

To secure data that would show more nearly the actual conditions that prevail in the 
fields, orchards, and gardens, the most extensive compilation of frost datayet undertaken 
by the Weather Bureau has been accomplished and the results have been spread upon the 
accompanying charts. 

The data from approximately 1,000 of our cooperative stations having the longest records, 
usually from 10 to 30 years, except in the most newly settled localities of the West, where 
records for shorter periods only are available, have been summarized, and the local con- 
ditions due to physical environments brought out in much greater detail than has heretofore 
been attempted. 

These charts being based upon the results of observations made in the open country 
and therefore not subject to the artificial conditions prevailing in the large cities where 
the regular stations of the Bureau are mainly located, differ from any that have appeared 


in the past in that areas having peculiar climatic features not heretofore shown on such 
charts are now clearly set forth. 


Chart V of Bulletin V shows isoclimatic lines, for the country east of 
the one hundred and third meridian, ‘the average length of the crop 
growing season, days, being the number of days between the average 
date of the last killing frost in spring and the average date of the first 
killing frost in autumn.” The distance between any two adjacent lines 


1 Summary of the climatological data for the United States, by Sections, U. 8. Dept. Agric., 
Weather Bur. This elaborate presentation of ‘‘all the available data as they stand’’ (reprint of 
section 1, page 1, introductory remarks) comprises 106 separate pamphlets, all of them without 
any date of publication. They include, for the most part, data for periods extending through 
1908 or 1909.) 

?On page 4 of Bulletin VIl we find the somewhat unsatisfactory bit of information which follows: 
“The chart showing the average length in days of the crop growing season was prepared from a 
somewhat different list of stations than was used for the charts of average dates of frosts, hence 
an actual determination of the length of the season from charts 1 and m might differ a few days 
from the date shown on chart v.’”’ But the data are not given for any of the charts. 
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represents a variation of 10 days in the average length of the frostless 
season. West of the one-hundred-and-third meridian the stations are 
so few, so poorly located, and the periods through which observations 
have been accumulated are in many cases so short, that it was not 
deemed advisable to continue the chart farther west. Here, however, 
the data themselves are placed upon the map. 

The chart just described is the first one of the length of the frost- 
less season to be published for the United States, and its appearance 
is to be considered as marking a very great step in advance in the 
climatology of the country. It should be of great value to agricul- 
turists and ecologists, and it is to be hoped that the future may wit- 
ness more uniformity and completeness in the keeping of the records 
from which a more perfect chart of this feature, not unaccompanied 
by an adequate tabulation of the source data, may evenually be 
obtained. 

Since our own studies have been so largely based uy on the average 
length of the frostless season as the duration factor for many climatic 
conditions, the bare chart (as presented by Day) has been of com- 
paratively little value in our work. After the publication of the 
Summary by Sections, Mrs. Livingston made a recalculation of most 
of the great mass of derived data that had already been prepared, 
using the new average lengths of the frostless season obtained from 
the average dates of the summary. The result exhibited some con- 
siderable modifications in our derived data. Since the information 
of the summary is later and much more complete than that given by 
Henry, we have adopted the data from the latter source as the basis 
of much of our work, using those from Henry’s Bulletin Q only for a 
few stations for which the summary fails to give frost data and for 
which these are furnished by the other source. 

In table 2 are presented all the frost data that have been used in 
our studies. In the first column are given the names of the stations, 
alphabetically arranged under each State, the States being also 
alphabetically arranged. An n after the station name denotes that 
the observations were made in the vicinity of the place marked. In 
the second column are given the altitudes of the stations (in feet) 
so far as these have been available.’ The third and fourth columns, 
respectively, contain the average data of the last killing frost in spring 
and of the first killing frost in autumn. These data are quoted directly 
from the Summary by Sections (the number of the section in which 
the station occurs being given in parentheses directly after the station 
name) excepting in relatively few cases (indicated by an H after the 
station name in the first column), where the average dates have been 
obtained from Henry’s Climatology of the United States. In a few 


iThese altitudes have been obtained from several sources and we have been unable to verify 
If there are errors in some cases they are probably but slight ones. 


all of them. 
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Lengths (days) of the average frostless season (data from table 2). 
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cases frosts are so infrequent that no average dates can yet be obtained. 
In such cases the words “very infrequent” are entered in these 
columns. The frostless season should be considered as approximately 
the entire year in these cases. Similarly, for a few stations the 
words ‘‘possible throughout year” indicate that the data at hand 
do not indicate any reliable average dates of last and first killing frosts 
and that the average frostless season is either very short or absent. 
For such stations the duration factor which we are considering should 
be regarded as practically nil. The fifth column of table 2 gives the 
average length of the frostless season (in days) for each station, this 
being derived from the dates of the third and fourth columns, not 
employing the first date, but including the last. 


TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.) 


Naror Average date of— Length of 
Station. Altitude. years of EET AS 
record. Last frost | First frost frostless 
j 2 é season. 
in spring. jin autumn. 
Alabama: feet. days. 
AMMNIStON (B2)Girnh son esse TAL 18 Apr. 2’ | Oct: 20 201 
Asheville: (82) wae bc« acces 685 16 Mar, 2315) Oct, 27 210 
Birmingtiama (SL) specu 0s 700 21 Mar. 19 | Nov. 65 231 
Camp (S2)io et. cse anaenses 738 8 Mar. 19 | Nov. 2 228 
Gieveqra (Shaya, Aes Gas 590 16 Mar. 24 | Nov. 6 227 
ID CORO ICSE orc 8 gue os Sees, = 573 27 Aron OCts em to) 193 
Bau lan (82) aes ce a 200 25 Mar. 14] Nov. 9 240 
Fivergreen’ (82).........-- 285 25 Mar 13 Nove, 12 244 
Hilomra tony (S2)creretercsze. 0232 91 18 Mar. 51] Nov. 20 260 
Blorence:(S1)isc.02 ss sc te 563 25 Apr. 1 | Oct: 30 212 
Gadsdens(S2))acic.ctesiis «055. 621 23 Mar. 29 | Oct. 29 214 
Goodwater (82).........+: 826 14 Mar. 20] Nov. 9 234 
Greensboro (81).......... 220 27 Mar. 20] Nov. 8 233 
LGR MN STINGS COL Ne. ache ese] see evetere sie sieve 10 Mar. 6} Nov. 17 256 
Piichland: Homie (SZ) icc celle ce «los oc e+ 17 Mar. 15'| Nov. 21 251 
Bivingstou (81). .6...6...+8 160 20 Mar, 17) | Nov. 93 ele 
IMplexGTOVie. (S2)).Bicjccss «sis eee ecee ee 16 Apr. 6 | Oct. 23 200 
IM (lon er(@2PA oes cess typ doe 57 38 Rebs 24 iNovs a30 279 
Montgomery (82).......-- 240 37 Mar. 10 | Nov. 8 243 
Oneonta (Sl )ierns se «c.n no 857 15 Apr LOe| Octhyaalo 188 
Opelika, (82)... scica ac 6 amas 817 30 Mar. 17 | Nov. 9 237 
(Ovid (CPE ee oe Score 400 a Mar. 10] Nov. 13 248 
Bm a GRC ee ce cunmond loch Hoemagooe 20 Mar. 14 | Nov. 10 241 
jPistaneahamavey (CSO che Seo oe All onic eto CO ia omc O nomena Mar. 21} Nov. 12 236 
EVO Chem NATINGh (82) cater e ime ce lared [isierstotehsuerwials) si 8 Mar. 24 | Nov. 6 227 
Scottsboro: (Sl)e...6 2. a ~- 652 25 Apr. 10} Oct. 28 201 
Selman(S2)rsaaccn eens oe see 147 34 Mar. 13 | Nov. 8 240 
Mallade@an(S2) ncrectece1 + aus 554 20 Mar. 26 | Oct. 30 218 
EBhomas valle (SL) siem.¢ 2-0 ons 385 18 Mar. 15 | Nov. 8 ase 
AISCALOOSS. (OL)A ae ae oo 2G 230 28 Mar. 23 | Nov. 6 228 
Union Springs (82).......- 216 22 Mar. 9 | Nov. 18 254 
Uniontown (82). 7. se... o 273 23 Mar. 15 Nov. 8 238 
Valley. Head (82)..2-06.-- 1,031 24 Apr. 5 | Oct. 20 198 


@Where the frost dates have been obtained from the Summary by Sections the number of 
the section in which any station occurs is placed in parentheses directly after the station name. 
Where the dates have been obtained from Henry’s Climatology of the United States this fact 
is shown by H in parentheses after the station name. The letter nin parentheses after a are 
name means that the data were obtained from a location in the immediate vicinity of the 


station named. 
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Tasip 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Average date of — Length of 
No. of ee See ee average 
Station. Altitude. years of Last front’! Firsttioet frostless 
record. A fi 4 season. 
in spring. jin autumn. 
Arizona: feet. days. 
Arizona Canal Co. Dam (3) 1,372 10 Feb. 15 | Dec. 18 296 
Benson: (3) asa ee ree 3,523 7 Mar. 20] Nov. 10 235 
Casa Grande (3).......... 1,396 5 Mar. 5 | Nov. 22 262 
Columbias(4))j neces oe 1,900 8 Mar. 20] Nov. 22 247 
@ongressi(4) eer ese eee 3,688 8 Feb. 20] Nov. 30 283 
Dudleyville \(S)ee-s ae ee 2,360 13 Mar. 30] Nov. 13 228 
Mlagstaits(4) seers 6,907 11 June 7 | Sept. 20 105 
Eta pache (3) aa. weeks 5,200 14 May 10] Oct. 13 156 
Fort Defiance (H)......... 65850) Ou haat. os ate June 2 | Sept. 23 113 
Hort) Granti(s) acer eee 4,916 14 Apr. 1] Nov. 26 239 
Fort Hauchuca (3)........ 5,100 13 Apr. 5 | Nov. 28 237 
Fort Mohave (4).......... 604 8 Feb. 16 | Nov.- 21 278 
Gila -Bendi(3)ame are ee 137 4 Jan. 27 | Nov. 28 305 
Grand?’ @anon 4) ose eee 6, 866 8 June 16 | Sept. 25 101 
Holbrook (4)ca.eanneeecce 5,069 8 May 19 | Oct 5 139 
Jerome(4)) Asc. aetes on 4,743 8 Apr 8 | Nov. 6 212 
Keams Canyon (4)........ 3,326 3 June 10} Sept. 24 106 
Kingmans(4 eee eee 3,326 8 Apr. 21|Nov. 8 201 
Maricopa) mera: 1,173 8 Mar. 3 | Nov. 23 265 
Oracle:(3)cecr.Ane ieee see 4,500 13 Mar. 29} Dec. 4 250 
Parker i(4)iceserar 8: eae 345 8 Mar. 1 ]| Nov. 22 266 
(Phoenixa (3) see eens aa 1,108 8 Feb. 23 | Dec. 3 283 
Prescotig (4) mane eee 5,320 8 May 21 | Sept. 29 131 
Std ohnss(4) net eee eee 5,650 8 May 15 | Sept. 29 137 
St. Michaels (4).......... 6,950 8 June 7 | Sept. 17 102 
San Simoni(3) aan 3,609 5 Apr Sh} OCt we 2o 203 
eveman (4) saree 5,219 4 May 29 | Sept. 26 120 
Showlow CD Wed re ea ei i 6,300 4 Apr. 28 | Oct. 9 164 
Signal) (2) seep era 1,652 5 Mar. 27 | Nov. 13 231 
Supais(4) eect ceke oee 3,200 3 Feb. 25] Nov. 18 266 
Tubar(4)icor eas se eat cae 4,500 8 May 1 | Oct. 3 155 
Tucson (3) eiceevetteee ae 2,390 14 Mar. 26 | Nov. 22 241 
Willcox (3) Srna trices Groat 4,164 8 Apr. “117 )) Nov.) 5 208 
Villian an (4) see ieces eee 6,750 6 June 4 | Sept. 22 110 
Waban (CON, oe ou aee aS awe 4,400 5 May 14] Oct. 2 141 
Arkansas: 
PATIL (Ad) eer hee eee tae 250 12 Apr. 13 | Oct. 28 198 
Arkadelphia (47).......... 250 10 Mar. 26 | Nov. 8 227 
Batesville (48)............ 271 10 Apr.) 29) | Novaee 207 
Bee Branch’ (48) neengecascelloee eer 12 Aprs 5.8.) Octe eal 206 
Brinkloya(48) es eee oe 226 12 Mar. 27 | Oct. 28 215 
Camdens(47)aceeae ga. seer 158 12 Mar. 17] Nov. 9 237 
Conway (48) or erete amie teat 309 12 Mar. 27 | Nov. 4 222 
Gornings(43)) eer 293 12 Mar. 28 | Oct. 20 207 
Dallas (H) BERR a Sit ayvemeh es 1 LOO) 9 ey nes eee oe Apr. 4] Nov. 4 214 
Dodd’ City (48)\nas- wee acas Lyi7s 12 Apr. 20] Oct. 19 182 
Fayetteville (48).......... 1,461 12 Aprile | Oct: 12% 196 
Forrest City (48)......... 286 alt Mar. 28 | Nov. 2 219 
Hort Omith (47). seen ene 4R1 27 Mar. 21 | Nov. 6 230 
Helenar4s)snarere eee 182 12 Mar. 22 | Nov. 8 231 
Hope (47) ecvakins one ee 377 5 Mars va) Octaum2g 235 
Hot Springs (47).......... 600 5 Apr, 2) Octee26 208 
Jonesboro (48)e we eedeuee 345 12 Mar. 30 | Oct. 30 214 
LaGrosseu(A8) nee. 2. se alee es ae 12? Apr. 91] Oct. 29 203 
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TaBLE 2.—Frost data and length of average frostless season for 1808 stations in the 
United States. (Plate 34.)—Continued. 


~ ‘ Average date of— Length of 
: ; 0.0 average 
Station. Alt : 
aude aoa Last frost | First frost frostless 
Z in spring. jin autumn.| °°*S°?- 
Arkansas—Continued: feet. d 
Malvern (47). a. oo. . et 277 12 Mar. 28 | Nov. 1 218 
Warvell (48) geen oe. sk 200 12 Mar. 22 | Oct. 30 222 
Mena (47) dichaltter nates wa eaters 1,100 4 Mar. 14 | Oct. 26 226 
Mossyalie(4S)\ecp asc sel cess ck cee: 12 Apr. 91] Oct. 30 204 
Mount Nebo (47)......... 1,750 16k Mar. 30 | Nov. 7 222 
INGwport (48) eic.ccnes . okt 231 12 Mar. 27 | Oct. 31 218 
Oarku(4s) weer de ares soo 377 12 Mar. 21 | Nov. 65 229 
Pine. Blutt (47). 2 si... 215 12 Mar. 26 | Nov. 2 ek 
IPacahoutas (4S) meee tel = wes sleicad oa 12 Apr: 9:3) |/Oct; 28 208 
IPEOSCOUET CEL) eee cise suas. ee S20 12 Mar. 20] Nov. 4 229 
Rogers (48) Ree Behe nets 1,385 12 Apr. 13 | Oct. 20 190 
Russellville (AS) eee sts 348 12 Apres 0) |e Oct 25 206 
Spielerville (47)........... 1,050 12 Mar. 23 | Nov. 2 224 
Souttzart\(48)s... ocs< ee 495 12 Mar. 26 | Oct. 29 217 
Mexarkkana (47): acc ¢ . eos 332 12 Mar. 20]! Nov. 9 234 
Warren (CA ie ae Ae Pere ce 304 12 Mar. 27 | Nov. 1 219 
VRIES (CY asian BIC OEIEIE (Gb ee Dae roe 12 Apres) 6) Oct a tc4 201 
California: 
PAN GIOC GLA) sete: ots srakeve on o"s AG TRE We cor meted os Feb. 22] Dec. 8 289 
PATOLOS PA) cite oh ates oe. LOZ se hs eres Mar. 25 | Nov. 17 237 
FATDULHACLO ick sells oe so oe O00 ibis sara Jan. 21 | Dec. 26 338 
Ben Lomond (14)......... SOO as \ets stretecs Mar. 15 | Nov. 7 237 
IBerkeleyAclay ae scideleete ose S20 2eeP Hy oe seme: Jan. 28} Dec. 15 321 
EOCKAD UTZ (LO) tok atts scat tector in ore: ole'e:sieifle ose eretnte otal ADE ene |NOVne ce 209 
Boulder Creek (14)........ ATO tll h oa ee eee eis Mar. 7 | Oct. 29 236 
Bowman’s Dam (14)...... 5 DOO Wleaws see Apr. 26 | Oct. 25 182 
Branscemo’ (lG)c we oc. «re 3 2), OOO meee cnecscsp ser Apr. 9{|Nov. 9 214 
SV ROLE LS \rapateee fee otets = he? S3age CE cis cee Heb: §-5 | Decw. 2 300 
Campbell (14)... 0.0.36. PA ol | arc rien Mar. 23 | Nov. 22 244 
Gedaryille (15)2...-+-<2 > rE Yip S| Seeosor atic Mar. 15 | Oct. 6 205 
(Cit tefayn( @ 59 ee eae eR TSO ee) [ie reaereter tes Mar. 27 | Dec. 6 254 
Ghinon(EA) sees tect cle MAS Ab ave arorostscst: Feb. 28 | Dec. 2 277 
Glaremont (14)..........- T2008 oh |e osisetyector Mar. 17 | Dec. 5 263 
Cloverdale (14, 16)........ SAMs Lilac nemesis Mar. 4] Dec. 6 277 
Woolton. (U4) siete ested as «ofc OCB ae lire tee nc Jan. 22/ Dec. 4 316 
Craftonville (14). .......... UGE) Ns eur ot aoe Feb. 7] Dec. 26 322 
Crescent City (16)........ BOW eo Wecnoeeeee se May 10 | Nov. 27 201 
Wa visvillo GEL) et acdese >. see De al Serta (chcmaene Heb. «26041 Deccan a 284 
J Da vehs Lora Gi 9 ari. tee eae I BSD a lb ccc steers May 2 | Nov. 27 209 
Bisinore (14) ........+.-+% 3 Avs ee Sno oes Mar. 23] Nov. 26 248 
Pitineica (LO) sere ceeieaiies ce (VT | eRe co ee Mar. 29 | Nov. 29 245 
Mall brooks (14) irre csteye«.<j-0 « MOO © B.[R aatcceneree 2 Feb. 20 | Dec. 7 290 
onte Tare. Gl Olmmbtae cee [as cicielels aacore'o!6)| (en « Re tote Feb. 4{ Dec. 8 307 
Moresosa (LG)eecasse ss = LOO past encrtecertars 3s Feb. 14] Dec. 29 318 
Mmresng (14) thers oie cise 5 05 meee lh. deere Mar. 11] Nov. 14 258 
Georgetown (15).......... Ds OOO SMa cee ereceasrone Mar. 4 | Nov. 29 270 
Gulroya (14) settee 2 Has ese LO Seek et erate att: Feb. 25 | Nov. 5 253 
Grind BC 4) 2a hae) a ass « SbO an rt. se acetio: Mar. 14 | Nov. 30 261 
MantordGA)ioced. eee e DAO wie PR Scotts a Mar. 16 | Nov. 9 237 
Healdsburg (16).........: 157 ak a OPS Sica OSPR Apr. 8] Nov. 16 222 
Hollister’ (H)teneieiets «1s - « Se ol AA Mar. 16 | Nov. 23 252 
PEnull villen (LG eerie ss .cletai|(s © eletate aivicls el si|[ore sveusuatnis = June 10] Sept. 8 90 
Independence (H).......-- 3) SSA wet leider eee Mar. 17 | Oct. 25 222 
Kernyille (14)... 5... +25 2 COO nm wie s caaetens <i May 10 | Sept. 27 140 
HKangsburg(14)\..26%.- 2. BODE vaste Feb. 28 | Dec. 27 302 


A Ss Se Be eee ee 
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Tasie 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Average date of— Length of 
INOROL 2a ee ee re Vera ee 
Station. Altitude. years of Last frost | First feost frostless 
record. z A S season. 
in spring. jin autumn. 
California—Continued: feet. days. 
Mia Porter(l 5) ecrre -tsemurers UGE Wl Sogactoger May 30] Oct. 9 132 
Lemon Grove (14)........ B00 - . bee. aeees Feb. 22| Dec. 10] 291 
Lick Observatory (14)..... A 20977 Wie esr eteetects Mar. 28 | Oct. 11 197 
Tavermore (HE) seee-c- > AS Tyee ele recoteaetuenuets Feb. 23 | Dee. 2 282 
Todi (1A)E Screens eter tars ie) Me rhein eis B Mar. 12 | Nov. 16 249 
Los Angeles (14).......... JOS alts acre Meaele Jan, 227 | Decwe2e 334 
os Gatos (14). ces nee 600 Sts Apts Jan. 22 | Dec. 14 326 
IManzana (4) ease eens ee 25870) lec c@ettee Mar. 25} Oct. 16 205 
Menlo Park (14).......... C4 Laces gecorege Jan. 22 | Dec. 24 336 
Merced (4) aa.ce or ae ~ ore 73 he Nee et Apr. 7 | Dec 3 240 
Mills College (14)......... ZOO Wausis wistetetercte Jan. 30| Dec. 4 308 
Milo G4) yn. cies even olrae I GOOM al cients Feb. 16] Nov. 29 286 
Milton’ (a) GEA) ie race crete GEO; 1 ik s:<sgeeyele Feb. 8 | Nov. 29 294 
Mokelumne (14).......... T550, Wiles cs peace Mar. 21 | Dec. 15 269 
Monumental (6) i25 auce-ntsalliae evs arcteteares |leine atest er May 30] Oct. 16 139 
Mt. Tamalpais (16)....... Z°3UD) |) Noten cipattessie Mar.. 3 | Dee. 13 285 
Napa. (E6)ien cette sce. aes DO; es le mtasnpeaces .| Mar. 20 | Nov. 15 240 
Nevada City (15)......... 2 OS00 | Mayer ccpaereasre May §8| Oct. 19 164 
INilesi(14) ees oe sae acre 87 Ae, Sieber Feb. 11 | Nov. 30 292 
North Ontario (14)........ arp AAR. ate Mar. 14] Dec. 14 275 
Oaklandi@4)ozee.. ee. BO), aliiimsarsvaeeebehegere Jan. 7 | Dec. 20 347 
Ontarior(n)! (l4)e 2. 2 ee S60 9, hesi.deeces Mar. 7 | Dec. 16]% 284 
Orleans (16) eee tee acc ail eemeie eee. a ecco eae rere Jan. 29] Mar. 14 289 
Palo Alito (G4) aon. ee LOS Palen oe Feb.. 19 | Dec. 25 309 
Paso Robles (14).......... S00.) JH ks. cae Apr. to Novea o 218 
iPeachiand ((i6)imesee ee eee 190.) linen eee Apr. 14] Nov. 21 221 
Placerville (14)........... L820) Miicad nae Mar. 15 | Dec. 31 291 
Portervilles(4)heeeence oes AGL: Arete a sae Feb. 71] Dec. 10 306 
Poway, (14): cieyete eee ae 4260;) lS foe aie Jan. 26| Dec. 3 311 
RedeBlutn (5) memes eee SOT. ol kcrancrdeiteuets Mar. 27 | Dec. 16 264 
Rieddings.>) eeeeseeeene Bb2S Mikes Feb. 20| Nov. 27 280 
Redland sy (Here cee DP BOoie be te aiceeebeiers Feb. 19] Dec. 12 296 
Sacramento (15).......... pee Petar 2 5S Feb. 16 | Nov. 15 22 
Salmas’ (L4)ites sete cee Teed eee & on ks Feb. 18 | Dec. 2 287 
Pane Ardou(l4)igeece a seene 2360 0 ils 3 eeereevere Mar. 3{| Dec. 20 292 
San Francisco (14)........ 2070 ailcccrrteeeits Jan. 25 | Dec. 10 319 
San Jacinto (14)........:. 1 RN gon oaooe Mar. 27 | Nov. 20 238 
Sani Osea) mentee ree OF Es rere Feb 6 | Nov. 27 294 
San Leandro (14)......... 50). co eanemteereas Mar. 9] Dec. 8 274 
San Luis Obispo (14)...... ZO TS Discs seereetere ete Mar. 31] Nov. 18 260 
San Miguel (4s aceon 616.7. Tl eee ar Feb. 22 | Nov. 13 264 
Santa Barbara (14)....... 130 ye eto crams Jan... 19 |) Dees 13 328 
Santa Clara (14).......... B05 Sly ccrecmerete Feb. 27 | Nov. 25 271 
Sante riz (14) eee 20) - pa likes seo Mar. 10] Dec. 9 274 
Santa Margarita (14)...... 2 aa el eens ~S e Feb. 15} Nov. 25 283 
Santa Paula (14).......... OOM | pil sce times Janes. |e Dec s 329 
Santa Rosa (16).......... ESLS , || icloeaaeeeas Apr. 24] Dec. 10 230 
Sisson (LS) me oeaeen eee ee SOOO | Vac omete ss Mar. 19} Oct. 12 207 
Soledadi(14) Sage ate a cee 188.0) ster cee. Feb. 9} Dec ¥ 301 
Storeya (ia) presence ee 296.34 1G sae cca Feb. 23 | Dec. 3 283 
SUnMmibiGl >) meee TOL Sy ee tree Feb. 18 | Oct. 13 242. 
Susanville 5) eee ene ee A TOS Unis coucmuct May 10] Sept. 22 135 
ehachapr (1 4)aee eae 352649 115 cr atteek: Mar. 17] Nov. 28 256 
EDTA cye (LA) 2 Som ae tata eetee GER os eter Feb. 17 | Nov. 18 274 
MulareCl4) sarek eae QUA, lancome Mar.  7| (Nov. 15 253 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


No. of Average date of— Length of 

Station. Altitude. years of £|———_____—__——| @verage 

record. | Last frost | First frost frostless 

in spring. | in autumn.| 5°28°2- 

California—Continued: feet. days. 
(cis. CLG) Seen ot cic ate G20 Flee: Apr. 14] Nov. 1 201 
Wpper Lake (6)...0...... 3. LF OOO lite meee cee Mar. 30] Nov. 13 228 
Upper Mattole (16)....... PN Te sae Mar. 71] Noy. 18 256 
Valley Springs (14)........ GES ems oe meer. Apri 127 DecreL 7 249 
Masalin Ci4). nh 1S. coy cae | tees «eae Mar. 13 Nov. 27| 259 
Watsonville (14).......... 23 LOS th Gene Mar. 8] Nov. 38 240 
Westpomt (14))5 ese. «tek 2 OLG > a Ute eee cor Apr. 16] Nov. 8 206 
DVWWillowaiClO mane coe ores 6 US6 Semel sate teven:< Jan. 22] Dec. 11 323 
Colorado: 

IB einen GA) ser Wa ae ots 3s, <o-" SROODENE ed Nota oe Apr. 29) Octay Ud 165 
BoulderSye.ren sa tases 5,347 12 Apr anu eOcte 9 165 
Ganon Gitya (Mise. cae ae ROLE IT law sates ccs Apr. 29 | Oct. 5 159 
@rastle Rock (8). J...660- 5.5. 6,220 15 May 28 | Sept. 19 114 
Cedar Edge (9)........... 6,175 iL May 20} Sept. 23 126 
Cheyenne Wells (38)...... 4,279 15 May 10 | Sept. 22 135 
Collbrani(9)psess.. oe oe 6,000 8 May 26 | Sept. 24 121 
Colorado Springs (7)...... GROOSs Ui ieee oles, May 3 | Oct. s 153 
CODOMS) eet «as ssres > 4,400 11 May 8 | Sept. 30 145 
JO ster’ (00) eee a ee ae 4,965 13 May 16 | Sept. 25 132 
DEN VETACS)cecae ov es 2 sds § ,272 38 May 6 | Oct. 6 153 
Wurango.(9)e i sess es ve ces 6,534 12 May 28 | Sept. 26 121 
MOFt©OlInNS (8) e-..ci.e os 0/4 4,985 18 May 9 | Sept. 24 138 
Bort Morgan'(S)\.iée0..< > 4,338 13 May 71} Sept. 28 143 
Glen: Fiymie C7) eieeise% << 27's 6 500 Pon. sitters May 12] Sept. 27 138 
Grand Junction (9)....... 4,608 16 Apr: 18 | Oct. 28 183 
Grand Valley (9)......... 5,089 14 May 10 | Sept. 29 142 
(STEOCVA(S) Soe se ceisler s sna cos 4,639 16 May 6 |} Oct. 1 148 
is ive (OO e5 oa Ae ane oe 05400) 6) est. dwees May 17 | Sept. 24 130 
15 Corel sho(K VA bats. = SAO eapiee aca Olle aliens serene se May 20] Oct. 2 135 
LEVON COV r:5 Sey 6 een mipsel Vem lea cats Oeao May 1 | Oct: 1 153 
TOL yOK EN CS) Mattaa.s ore >< #sre 3,745 9 May 91] Sept. 22 136 
ETUStCU aCe ice ice a slew » «c's 675962 1 lcuifaens ts May 15 | Sept. 25 133 
PEIAINIAT A) ersten bo eine = eho SOOO pt a esaeee seats ADEA a OGtmetS 159 
Tuas Animas (7).........0% BESGO™ Wi core Seestets Maya | 2eiOcteeus 2 153 
BEN) sees ie 8 Gan OCIS 6,190 9 June 16] Sept. 6 82 
MC PEROV ECS) rors iereivielt (el slel ov sve 4,380 16 May 2] Sept. 29 150 
Long’s Peak (n) (8)....... 8,700 9 June 26 | Sept. 2 68 
IMPANCOSN(D) Sete ere avec sis seta 6,960 10 June 9 | Sept. 17 100 
AVieelkari(O)ctectae sd sis-s ie <ha'eve 6,183 14 June 12 | Sept. 12 92 
Montrose (9) reese etches 6 5,811 10 May 16 | Oct. 2 142 
Moraine: (S)insate.s siete # sates 7,750 12 June 15 | Sept. 13 90 
PAZ OUAICD imereerttteheta see at 6,500 13 June 12 | Sept. 3 83 
Panis O))eeietke ackere «stone 5,694 8 May 5] Oct. 3 151 
IE{IO DONA letemiois a taste +616 ry ee Ae ioc coe Apr. 27 | Oct. i 163 
1Ravelia? loge | (Cocco ace AUT ate eptere May 2] Oct. 3 154 
Sacuache, G)eaees 0 tee TRTAO SE eal der peters May 241] Sept. 17 116 
Balad du(?)oxccrite ed Sores ail ers TAO502 Alene ai. May 31 | Sept. 20 112 
Sanebais (Eee ses siecle TsGOas | Bliss shave ois June 9 | Sept. 11 94 
SantarGlara (sje ces- tors S250 teal sata svepetersie June 3 | Sept. 24 113 
Srl aC iene eectore erste sw se ole 5,441 12 May 21 | Sept. 27 129 
Sugariloat (8) actee + cco 9,300 16 June 3 | Sept. 13 102 
PUT ITIAG ACUMCG) Sees ere) e! «vate BOOM emt cca agit ac» May 1] Oct. 7 159 
BE ee Suet GHM( ini .tleie «ocd sce 5,200 8 Api 2c: = 10 166 
Wrestelitia (()isee cade alert SOA a a. chet Mana re ors June 12] Sept. 18 98 


BVA VECS) coleetons tr sieves cs 3,512 14 May 8 | Sept. 27 142 
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Taste 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


ee 


oa Lengt 
asoat Average date of pales 
Station. Altitude. Searels a, frostless 
record. | Last frost | First frost 


5 - : season. 

in spring. |in autumn. 

Connecticut: feet. days. 
Colchester (150)........-- 370 (H) 22 May 6 | Sept. 30 147 
Cream Hill (105).......-. 1,300 11 May 1 | Sept. 26 148 
Hartford G05)r.. .. 23-02 159 23 Apr. 28 | Oct. 10 165 
Middletown (105).....-..- 125 lve Apr. 27 | Oct. 2 158 
New Haven (105)......... 107 36 Apr: §20) |) Occ. eae 180 
New London (H).......-- ATS Ua Wiarton: Apr. 15] Oct. 18 186 
North Grosvenor Dale (105). 400 18 Apr. 26 | Oct. 4 161 
Norwalk (H)....---..+++- 116) Li cee May 1] Oct. 10 162 
Southington (H)........-- 1405) Ses eet May 10] Oct. 8 151 
Storrs: (A) Soest © ceter G40) oilers Sere sere May 8|] Oct. 10 155 
Voluntown (H).........-:; S605 Stee eaeene May 12] Sept. 20 131 
Waterbury H)........---- 400)» ae eros May 2 | Oct. 9 160 

Delaware: 

SS Milfordi(O5) meee tener 20 8 Apr. 20] Oct. 17 180 
Millsboro (95)..........+- 20 14 Apr. 23] Oct. 20 180 
INewarle (95) os ele teresa 136 12 Apr, 17) Oct. d 183 
Seaford(G5) ima. ctete victsre 40 14 Apr= +215) Octar 22 183 

Florida: 

Apalachicola (82)......... 24 5 Jan) 30.) Deccan co 310 
(Arcadiai(S4) ison. « vices sieves 61 9 Feb. 13 | Dec. 29 319 
ING? O8Do-casdonannecce 92” aie apes = Mar. 91] Nov. 28 264 
Avon Park (84).......... 150 8 Jan. 8 | Dec. 22 348 
Bartow) (S4)invee cca ee atten 115 14 Feb. 10] Dec. 22 315 
Brooksville (84).......... 126 17 Feb. 13] Dec. 21 311 
Carrabelle (83)..........- 10 8 Feb. 19] Dec. 18 302 
Cedar Keys (83).......... 6 11 Very infre quent. 

De Funiak Springs (82).... 193 12 Feb. 28 | Nov. 17 262 
ustis (EL) casera eee ee WSO) Gi) mec sras Feb. 18 | Dec. 28 313 
BPlamingo: (S4)e.\..t5. «laa 4 7 Very infre quent. 

NG. Myers (S4)h ances sites 12 17 Jan. 5 | Dec. 14 343 
Ht. Pierce: (84)... tess. gee 6 8 Jan. 18] Dee. 31 347 
Gainesville (83)........... 176 12 Feb. 20 | Dec. 11 294 
Huntington (83).......... 51 nwt Feb. 18 | Dec. 22 307 
Jacksonville (88).......... 8 53 Feb. 14] Dec. 4 293 
Juprteri(S4) ieee «eis vues 28 21 Feb. 14] Dec. 29 318 
ey West: (84)s.. ones cae 14 38 No frost. 365 
ake: Citya(Sa) een ike sae 210 16 Mar. 41] Dec 2 273 
Macclenny (83)........... 125 12 Mar. 2] Nov. 25 268 
Madison (83) eri weir 200 8 Mar. 1 {| Nov. 29 273 
Malabar: (84)ga.. se. ee 24 ai Very infre quent. 

Manatee (84) 6. csc. spies 8 17 Jan. 267; Jan. 3 342 
IMarcon(84) snptdacc tes lene 5 6 Very infre quent. 

Marianna (S2)hs.. ee. keke 80 8 Mar. 1 [ Nov. 21 265 
Merritt’s Island (84)...... 20 17 Very infre quent. 

IMiamit(@4):. get cicctec . aaee 5 13 Very infre quent. 

Monticello (83)........... 207 5 Very infre quent. 

New Smyrna (83)......... 9 16 Feb. 151; Dec. 23 81l 
Ocalai(S3)i saaeoceoo. See 93 18 Feb. 17 | Dee. 8 294 
Orlandof(S4)ierane cane 111 ie Feb. 41] Dec. 20 319 
Pensacola (63)iss cen saee 12 31 Feb. 231] Dec. 5 285 
St. Augustine (83)........ 10 14 Feb. 15 | Dec. 30 318 
Stephensville (83)......... 10 8 Feb. 22 | Nov. 380 281 
Tallahassee (83).......... 192 18 Mar. 939) Deco 5 277 


Wampai(S4) muses cee ee 20 19 Feb. 8] Jan. 9 335 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


‘ No. of Average date of— Length of 
Station. Altitude. years of eee 
ostless 


record. Last frost | First frost 


in spring. jin autumn.| *°2902- 
Georgia: ; feet. days. 
Adairsville (85)........... 772 17 Apres ed pOcts 227 205 
MA lbany (85) Gi coe ow. a. 230 10 Mar. 6] Nov. 11] 250 
Allanahai(Sb)ha.s<csces2 es 293 10 Mar. 2] Nov. 17 260 
Americus (85)............ 362 14 Mar. 8/ Nov. 13] 250 
sAthensi(S6)eateccee. = sees 694 12 Mar. 27] Nov. 8 226 
PA TIANtA(85)memcc. acies a 1,218 18 Mar. 23] Nov. 3 225 
Augusta (86)............. 180 18 Mar. 24] Nov. 7 228 
Bainbridge (85)........... 119 6 Mar. 15 | Nov. 11 241 
Blakelye(S5) eaten acttes oa 300 15 Mar. 15 | Nov. 14 244 
Gana (86) 0.0.6 6c. 8 613 10 Mar. 25| Nov. 3| 223 
Warroltons(S5) rete ae wtelerstee | oie orace ta lsh rei S Apr. 4] Oct. 29 208 
@layton\(86)" 5. 255. Ses. 2,100 16 Apr. 15} Oct. 19 187 
Golumbus (85)% 2. 0s~. 63: 262 12 Mar. 6] Nov. 17 256 
Covington (86). a5. 5.5 986 800 14 Mar. 31} Nov. 8 222 
Dahlonega (86)........... 1,519 18 Aprs 97 )| Octess31 207 
Prado (SO ae ween soe Coe eis sic sete we es 12 Mar. 22] Nov. 6 229 
iastMaayy, (SOE fcc velo ss ee 361 8 Feb. 26 | Nov. 11 258 
LS ier elNbins oho Gin gtenicl OOM es eee 6 Mar. 19] Nov. 4 230 
Elberton (86)............. 710 18 Mar. 26] Nov. 8 227 
Forsyth(S6)its.c.c cc. co cte- woo 9 Mar. 24 | Oct. 31 221 
Fort Gaines (85).......... 166 13 Mar. 13] Nov. 9 241 
Gainesville (86)........... 1,254 14 Mar. 31 | Nov. 3 217 
Gulisville (SO). . oes oes 1,052 17 Mar. 31 | Novs "3 217 
Greenbush (SH) sn. cete se els wena beware 10 Apr. +2) |) Oct. 730 211 
Greensboro (86).......... 598 7f Apr. 1] Nov. 1 214 
Carifiin (85) Sete a. coe. see 975 9 Mar. 20] Nov. 4 229 
larrison (86) Fa.: cscs oes 245 10 Mar. 23] Nov. 10 232 
Hawkinsville (86)......... 235 14 Mar. 17] Nov. 12 240 
DEStIp: (HL) cee aes cote. cts TOO a es es Mar. 17 | Nov. 20 248 
OBUIVLOUNGAID (SO) oc).022|'c oi es oiee eo « 9 Apr. 3]|Nov. 4 215 
Mouisvile (86) 4.2.02... He: 259 17 Mar. 15 | Nov. 10 240 
Taumpkini (85)\ee sc se eee + 650 Ms Mar. 17 | Nov. 11 239 
Miacons(S6) etre. ac Sediee = 370 12 Mar. 20] Nov. 13 238 
Marshallville (85)......... 500 7, Mar. 19] Nov. 6 232 
Milledgeville (86)......... 276 13 Mar. 22 | Nov. 5 228 
Monticello (86)........... 800 1a Mar. 17 | Nov. 13 241 
WVPOTANG(SO) eo cteices co. cletelete 337 16 Mar. 16| Nov. 6 235 
INGWDan (SO)teee anes one 959 13 Mar. 25 | Nov. 8 228 
Point Peter (86).......... 1,000 18 A Dre mele RINOVaneel 214 
(Poulanw(S5) eee tse ose 365 17 Mar. 16 | Nov. 9 238 
@intman (85) ee ..c2es << 173 14 Mar. 11 | Nov. 13 247 
Ramseys(S5) en na seaenes * 1,363 14 Apr. 14 | Oct. 18 187 
ROME: (SO) Meee aero sbhoeiets 576 ile Mar. 31] Nov. 1 215 
Dtalarys (GG)mnae ceases: 20 7 Mar. 6] Nov. 24 263 
Savannah (86)..........-> 65 18 Mar. 9 | Nov. 27 263 
Statesboro (86).........-- 253 9 Mar. 9] Nov. 13 249 
Talbotton (85).........-- 750 16 Mar. 25 | Nov. 9 229 
Tallapoosa (85).......-.-- 1,150 10 Apr. 7 | Oct. 30] 206 
Thomasville (85)........-- 273 12 Mar. 6] Nov. 18 257 
Valona (86) ae. ee ee oes 12 9 Mar. 11] Nov. 17 251 
131 £7 Mar. 11] Nov. 16 250 
Waycross (S6)iS. 2.052. ai. * " ae 
West Point (85).........- 620 10 Mar. 20 Ov 
daho: 
; American Falls (22)....... 4,341 15 May 27] Sept. 8 104 


HB lacktOOb) Werte -wless = <0 
We Lea Tee ee 
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Taste 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


SE a | 


Average date of— Length of 
: : No. of average 
Station. Altitude. years ot Fl sor en | frostless 
record. Last frost | First frost senate 
in spring. jin autumn. r 
Idaho—Continued: feet. days. 
Boise. (22)ccinavere eis 2,770 10 Apr. 28 | Oct. 22 177 
Burnsider (22) ames 5,500 9 June 10] Sept. 9 91 
Chesterfield (H)......-..- AZ TA hee meee ee July 21] Aug. 10 20 
Coeur d’Alene (21)........ 2,157 6 Apr. 31 | Oct. 1 154 
Forney (2.1) cater, mictehes.« tell mcicin raters) oy 9 July 9] Aug. 17 39 
Garnet C2) nave etre: 2,575 9 Apr. U7 | Octr7 720 186 
Grangeville (21).......... 3,500 7 May 19 | Sept. 25 129 
Idaho Falls (22)h cect ot 4,742 4 May 22] Sept. 12 113 
Kellogs (21) are cnet tte 2,330 4 May 14 | Sept. 25 134 
Mjalcey (22) ejaurecare oicrteveretet= 6,700 TE June 25 | Aug. 20 56 
Makoview.(20) teectite stele 2,250 AZ Apr. 29 | Oct. 9 163 
AMG OTE N(22) metre ctelatterel tere 5,300 4 May 18] Aug. 16 90 
Mewiston (21)2.....-...+ 757 8 Apr. $ | Octa 27 202 
Wont Riveri(22) seaecetieet 5,700 10 June 9] Sept. 1 84 
Miar tin (22) eee smiteiiersiers 5,600 “ June 26} Aug. 24 59 
Merle (22) seen «toi. cretel aot 4,097 5 May 19 | Oct 4 138 
INfOSCOWAC2 L)ieeee ens ae. cere 2,748 16 May 8| Oct. 10 155 
IMicrrr aiy (21 ines fetetebans eter 2,750 15 June 2] Sept. 19 109 
Oakley (22) eremoetia.e shies 4,191 15 May 31 | Sept. 12 104 
Olas(22) earn totes cieraretere Pate 3,100 9 May 25 | Oct. 4 132 
Oronnon(2)) meat ata 1,027 4 May 18] Oct. 12 147 
IPATIC C22) ytectrtisreb) es ices 5,946 13 June 14] Sept. 3 81 
Wayvette (22) eats eter. ae 2,159 15 May 11 | Sept. 29 141 
Moca tellom( 22) vest cte sets 4,483 9 Apr. 20 | Oct= 12 175 
Wollock:(2 1) acer waite ere 2,050 12 Apr. -26° |}: Octa #12 169 
Porbhilla(21) eee are 1,665 16 May 14 | Sept. 14 129 
Priest River (21).......... 2,078 6 May 29 | Sept. 22 116 
Roosevelt.(2)) i.e. ce. © cers 7,250 6 June 29 | Aug. 21 53 
St. Maries (1)... .3..<- 2,263 12 May 81] Sept. 14 129 
Silda (PAD) sendadomcoadac 4,040 3 May 26 | Sept. 7 104 
Soldier (22)ise aw sts ier etelets 5,140 11 June 27] Aug. 19 53 
Swan Valley (22)......... 5,434 8 June 28 | Aug. 15 48 
Vernon: (22) emai tete creer reer comes ah June 14 | Aug. 29 76 
Warren (2k) eres ote 5,350 4 June 12 | July 23 Al 
Weston '(22)iteyen as sree cre oe 4,610 11 June 21] Sept. 9 99 
Tilinois: 
Al bion=(G6)inewmew sfectotleters 531 15 Apr. 14 | Oct. 21 190 
Wledos(G4)c see oe <loarete eae 738 8 Apr. 29 | Oct. 13 167 
Alexander (65)........... 670 15 Apr. 24 | Oot.- 6 165 
Antioch (G4)e ee tack cate 861 tf May 4] Oct. 5 154 
FASHtOn (64) aoc ne cscs ee 830 14 Apr. 29 | Oct. 5 159 
PAninoran (G4) sete ate eters eee 687 22 May 6 | Oct. 6 153 
Benton (66)...........005 598 7 Apr. 21] Oct. 21] 183 
Bloomington (65)......... 840 16 Aprs 27 |'Octv 9 165 
Bushnellx(G5)eeeuceee ect 662 14 Apres 25 | Octet 172 
@airol(66) eave ee mee see 359 38 Mar. 30 | Oct. 28 212 
Cambridge (64)........... 824 14 Apr. 22) |) Oct. 20 171 
Garlinyilles(G5)ie oe eecoaee 663 17 Apr. 22 |) Octi at 172 
@harlestion (G5). eres 720 16 Apr. 24 | Oct. 6 165 
Chicagon(G4)neanasn ee eee 824 388 Apr. 16] Oct. 15 182 
Coatsburg (65)........... 738 13 Apr. 24] Oct. 14 173 
Cobden (66) veka cme. eee 656 13 Apr. 12] Oct. 21 192 
Decatur (65)............. 685 15 Apr. 23 | Oct. 12 172 
Exon (64)eee. ane eee 725 17 Apreae2 (al Oct 6 162 
Equality 1(66) meen 421 10 Apr. 14] Oct. 22 191 
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TasBLe 2.—Frost data and length of average frostless season for 1808 stations in the 
United States. (Plate 34.)—Continued. 


No tot Average date of— Length of 
Station. Altitude. years of average 
record, | Last frost | First frost ffostless 
in spring. jin autumn.| *°°25°2- 
Tlinois—Continued: feet. days. 
itpaOG! CO oodgeoeh one - 495 12 Apr. 16) Oct. 16 183 
loray (GO) arrose ers < et 495 16 Apr SaiOctuanl | 176 
Galvar(O4)a et ole alee «ee 842 16 Apr. 29] Oct. 10 164 
Golconda: (66) sik. sal. . 3s 500 20 Apr. 6 | Oct.) 26 203 
Greenville (66)@%...02....5% 635 21 Apr. 15 | Oct. 15 183 
Griggsville (65)........... 650 19 Apr. 21] Oct. 17 179 
alfwaya(GG)e ean ns cerns oss 569 11 ADIs | OCt MEO 204 
LAV ANA (GD) iccets fou! tlage ies 475 15 Apr. 23] Oct. 14 174 
eenrys (GA) cicitertats. sislsse-olahs 500 20 May 51] Oct. °F 155 
Millsboro (66)i.<-........!.. 675 14 Apr. 22.| Oct; 915 176 
CCG?) pees ee ee 541 15 Apr. 26| Oct. 9 166 © 
Kishwaukee (64).......... 730 13 May, 4 | Oct. 1 150 
Knoxville (65)............ 775 14 Apr. 25 | Oct. 13| 171 
MaGrange (G4)iee. 5. ees «2 657 16 May Ie) Oct) 12 163 
ia Harpe (Od)eiersicas » <leve 698 14 Apr. 24 | Oct. 5 164 
Wanark. (G4) jase» sores «ee 883 21 May 6] Oct. 1 148 
WaSallentG4 vets ate sss cialis susievstoelete o os 4 Apr. = 28) | Octee 13 168 
Eincoln (65) .ii.4.s0..0++- 482 16 Apr. 27] Oct. 10] 166 
Martinsville (65).......... 630 16 Apr: -22:| Octi 11 72) 
Martinton (65)..........- 633 17 Apr. 29 | Sept. 30 154 
Mascoutah (65)..........- 425 11 Apr. 22/| Oct... 14 175 
McLeansboro (66).......- 462 12 Apr. 17 | Oct. 14 180 
IMI OT (GD) iertee.cc ersteue ote 745 13 Apr. 27 | Oct. 8 164 
Monmouth (@A)..---..... 784 15 Apr. 28 | Oct. 10 165 
IMOrTISON NGG ce Meee sie dare. - "dane 685 14 May 1 | Oct. 6 158 
Mount Vernon (66)....... 511 14 Apr. 20°) Oct. 15 178 
New Burnside (66)........ 556 14 pre) 7a \mOctmend2 178 
Olnicya (GO) ot elas = shete 486 15 Apr. 20) Oct, 16 178 
Oita weantGs)iooeee ole tans s/aels 500 19 Apr. 26 | Oct. 8 165 
Palestine! (G6)ian -). <-> «ee 500 18 Apr. 18] Oct. 12 177 
EATS (GO)\e steelers. «12: of fee cect 692 13 Apr: 22) | Oct.9 -16 ile fee 
EPAPISa( GO) iercapinete: ols. shels eae 600 16 Apr: 22) | Oct. 19 180 
IPCOTIsg (OG) aviewo c's tele ones 609 53 Apr. 15 | Oct. 18 186 
Ea lOu Oowariemiiee os eo <= seis 700 21 Apr. 28 | Sept. 30 155 
PPONtIACH OD) wanivns « *-1+ +0 ote 546 6 May 11] Oct. 14 166 
ARVAIICOUL COD )eistes yo ¥ eles 2 ee 768 17 Apr. 26 | Oct. 7 164 
PEUUSH Wate (OD) eisiere +9) 10205 670 ale Apr. 23 | Oct. 12 172 
Sb ola (G6)ie cer oe sine. 5 oes 459 12 Apr 125 Octaw a6. 187 
Springheld (65)ie-aoc..- ss 609 29 Apr: 18 | Oct +17 182 
Streaton(64)sine ct. cee. ane 616 16 Apr. 30 | Oct. 8 161 
Sycamore (64)..........-- 855 16 May 4} Oct. 1 150 
Hilden (66)\. cai telere «ot -uerreete 500 16 Apr. 13 | Oct. 14 184 
Miskalwa (G4) Nilecenane «oes 798 14 Apr. 28] Oct. 14 169 
BVernon(G6)itists:-}-0's "ct 515 8 Apr. 23 | Oct. 7 167 
AWiel nua G4) nettles cists «os 717 16 Apr. 24 | Oct. 8 167 
Winnebago (64).........-- 900 20 May 72) |-Oct. © 2 153 
Indiana: 
FAM GET SOT) (GM) latte «ssa ol auetee 892 14 Apr. 25} Oct. 11 169 
PATIO BECO) eretie ts cis picks «ares 1,052 15 Apr. 30 | Oct. 8 161 
PATI UIETINCO A) eee leit cress os ener 874 13 May 31 Sept. 29 149 
Bloomington (68).......-- 800 12 Apr. 19 | Oct. 20 184 
jedleaewern, (CO) soe ooo 835 13 May 7 | Oct. 2 148 
Butlerville (68)........... 767 16 Apr. 25 | Oct. 11 169 
Collegeville (67) 5.54. - a0 6 662 9 May 3 | Oct. 7 157 
Columbus (GS)ee-g. ci. ae 632 16 Apr. 26 | Oct. 6 163 


re eee el ee 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


ee 


pee Average date of— Length of 
: : O28 average 
Station. Altitude. year O80 a ee frostless 
record. | Last frost | First frost cea 
in spring. jin autumn. 5 
Indiana—Continued: feet. days. 
Connersville (H).......--. SAA alls eee Apr. 27 | Oct. 3 159 
Delphi(Gl eae stereo 668 16 May 31] Sept. 30 150 
Evansville (68)......-.++- 386 12 Apr: 94 | Oct.) 27 203 
Parmersburg. (OS). «1's etl iee cists oe 6 Apr 2 221}Octue 1s 179 
Marmland (Gi)isee «ale verse 1,101 16 Apr. 925°) Oct-" 10 168 
Fort Wayne (67).......--- 775 11 May 2] Oct. 9 160 
Greenfield (68)........--- 905 6 Apr. 21] Oct. 16 178 
Greensburg (68)......---- 954 ie Apt» 22) | Oct-2816 177 
fammond ((G2)in. cnt = 10 ir 598 16 Apr +27 | Oct AS 171 
Huntington (67).....----- 741 15 May 41] Oct. 7 156 
Indianapolis (68).......-- 822 30 Apr. 16] Oct. 19 186 
Jeffersonville (68)........- 455 18 Apres 7 167|-Ock 2418 185 
Kokomo (G7/)imavnies ste sere 840 16 Apr. 26 | Oct. 1 158 
Dafavette (Oi) eee. or eer 617 18 Apr. 26 | Oct. 5 162 
Waaporter(G 2) eee scteiece se 810 12 May 1 | Oct. 5 157 
Logansport (67)......---- 620 16 Apr 24.) (Oct® 87 166 
Marengo (68).........--- 363 16 Apr. 19] Oct. 11 175 
Marion i(G0)teer ceils ee 814 18 May 9} Oct. 4 148 
Mauzy (68): sramommentset 980 18 May 2| Oct. 4 155 
Moore’s Hill (68).......-- 918 7 May 2 | Oct. 8 159 
Mount Vernon (68)......- 410 16 Apr. 18] Oct. 20 185 
Northfield (G7) ee areretet 900 13 May 3} Oct. 2 152 
POL GS) agence ee te eta 611 ry Apr. 18 } Oct. 745 180 
Princeton (G8) sna. «re 481 16 Apr; 175; Oct 17 183 
Richmond (68)e.--- «= ee 972 12 May 7/| Oct. 3 149 
Rockville (68)............ 722 16 Apr. 27 | Oct. 74 163 
Rome(68). cores ston ote 370 6 Ape, -2isOctar aes 175 
Scottsburg (68)ic.a.neee one 570 15 Apr. 16] Oct. 16 183 
Seymouri(68)meo. scot cee 610 15 Apr. 19] Oct. 13 177 
South Bend (67)....-...-* 726 15 May 75 |-Oct. @12 150 
Terre Haute (68)......... 498 16 Apr; 19 | Ock, 22 186 
Veedersburg (67)........-. 612 10 May 1 | Oct. 5 157 
Vevay (68) meenccie teen 525 17 Apr. 19] Oct. 24 188 
Vincennes (68)..........- 431 15 Apr. 14] Oct. 20 189 
Washington (68).........- 484 12 Apres 16) "Oct 19 186 
Worthington (68)......... 526 15 Apr. 22] Oct. 24 185 
Towa: 
‘Algona (54) !saree settee ete 1,500 16 Apr. 26} Oct. 4 161 
Alta (54)*. ive ee eee 1,440 16 May 9] Sept. 28] 142 
FAmanai(ll)paeee erste 168% Teen peer Apr. 23°} Oct=" °5 165 
Atlan ticn( Hse atiae see L164" ye een May 11 | Sept. 19 131 
Belle Plame: (ED accee seen S64 A475]... meee: May 1] Oct. 4 156 
Bonaparte (iE) Sacre. COO) aR, eee ne Apr. 20 | Oct: c 170 
C@arroll(E) ae. wee ee L272) 0 Wash. oe May 5 | Sept. 22 140 
Cedar Rapids (54)........ 733 16 Apr. 24 | Oct. 6 165 
Charles City (54)......... 1,015 aly? May 16 | Sept. 26 133 
@larindar(S4)meace teeter 1,064 (H) 16 Apr. 26 | Oct. 5 162 
Clinton) see se eee GOT Vl nets Mee ces Apr. 28 | Oct. 2 157 
Corning Eee eee LOT te |. eee Apr. 26 | Oct. 2 159 
Corydons(64)eren shee oe 1,100 (HA) 15 May 1 | Sept. 30 152 
Wavenporti(S4 ince. eee 580 37 ADE 225 | TOctamiS 174 
Decorshh(O4) sees aie 975 15 May 10 | Sept. 26 139 
Des Moines (54).......... 861 31 Apr. 22] Oct. 10 171 
Dubuque (54) ane 639 36 Apr. . 20 4) Octe 13 176 


Hikaders(H) eerie T2i Wy an eee May 5 | Sept. 23 141 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Non of Average date of— Length of 
Station. Altitude. Vearsofh| | average 
record. | Last frost | First frost ae 


in spring. jin autumn. 


Iowa—Continued: feet. days. 
Ha vettexChy) spate > cen «ook 1003.9 Us| cas eee May 8 | Sept. 18 133 
Forest City (54). ec eae 1,226 16 May 5 | Sept. 26 144 


Greenfield (H) <2 ...5....1.. 1 19) 0 a Wace see Apr. 29 | Oct 9 163 
Grundy Center (H)....... 1 000M | ore May 3 | Sept. 26 146 
Hampton (64). 2.20.4 00s 1,155 16 May 5 | Sept. 30 148 
ilarlani(54) 2 guee ses. cs ee 10 May 6 | Sept. 27 144 
Independence (H)......... 960. “)20..50e 3. May 4 | Sept. 26 145 
Rowan C@rty: CE) ceria seers C85. es oes oe Apr. 23 | Oct 8 168 
Towa Halls (54). sce... «0. 1,170 16 May 9] Sept. 24 138 
Keokuk (54)..........0-- 574 (H)|_ 37 Apr. 1] Oct. 15] 197 
Warrabee: Gk) pete... <0 200) eles oc eae a May 11 | Sept. 20 132 
Mount Pleasant (54)...... 729 14 Apr.) 19) |Oct. 9 173 
Newton (HD) 205. 2.2... 22 960") Ne. eae eee Apr. 26] Oct. 8 165 
‘SHreOmnenOS 0). 55 anes eee SUDA Aste al ie te 35 30 Se Apr. 30] Sept. 22 145 
Sibley (GA) saceee et tins cooks cafes c dS ess 16 May 14 | Sept. 23 132 
Sigourney (54)...........- 877 13 Apr, 25 | Oct. ts 163 
Sioux City (54)..........- 1,135 (H) 19 May 4] Sept. 27] 146 
Washington (H).......... 700 8) i>. ceeeet Apr. 23.) Oct. 987 10.5167 
a : 

‘" e Achilles (BS) gees sete cts) 2 2,827 10 May 2 | Sept. 23 144 
AShiamGudso ise a - ches eens 1,951 21 Apr. 15 | Oct. 20 188 
PAtohisons (Ena 3 <2 ¢2:00 5 973" 104. ae Apreen ls) |LOcta als 188 
Clay Center (38).......... 1,203 6 May 1/1 Oct. 13 165 
Colbvelss)eeete st +s oe S138. Mab eee Mayoy 520 leOctaean® 156 
Goldwater (SO) eon sii + cuss 2,090 6 Apr. 16] Oct. 18 185 
MolumounsSoee swe - ae 898 16 Apr On| Octems 22 199 
@oncordia (88) 25 <-a2- =<. 1,398 24 FA DIN tal OCt mmm 4 173 
@oolidger(S9 ick <5 cies a axe 3,346 6 May 5 | Oct. 3 151 
Cunningham (39)......... 1,680 15 Apr (23) | Octag 19 179 
Dodge City (89))....2.0. 625% 2,613 33 Apr; 17, || Octaa 5 181 
ilinwood(S0)en ema - <0 1,788 14 Apr. 24 | Oct. 17 176 
Pmporia (89) cleus sess sees 1,138 16 Apres 9 |" @ctaerl 9 193 
Englewood (H).........-- 1,955) - lice u frases Apr, 13) Oct 9 189 
MOUNTS aI SO) aerate oro ea. eee 1,093 7 Mar. 29 | Octa, 16 201 
Farnsworth (89).........- 2,850 8 May 4] Oct. 12 170 
Morte Scott (SO)ive.- ie = = «nex 857 8 ADIs eS | LOCtaeoL 181 
Branktort (89) ees. 0.66 06s 1,146 14 Apr. 22°| Oct. 45 166 
Garden City (89)........- 2,836 15 Apr. 30 | Oct. 11 164 
COVONMSS) conceit nes estes 2,750 18 Apr 18) |sOctars 12 bees 
Grenolan(39) 2222 6.2 5+ ows 1,116 16 Apr. wlLonl| Octisels 186 
anoveri(Ss)ckioes sete sob 1,225 6 May 3/] Oct. 16 197 
Iefarrison (O8)uas-> ks s 1,804 8 May 1] Oct. ~6 158 
ISIE Como at a dow c caeio or 2,000 13 May 5 |-Octr, 55 153 
FLOLtOM AGS) accee sine ees 1,188 17 Apr. 15] Oct. 13 181 
Toxic: (GS) xt seis = schol 2,700 11 Mave? sO Otay ( 158 

yd 4 Apr. 29] Oct. 20 174 
Hugoton eras: istalceee Tests" |. OEE P TSAR TAL Eee och a 
Hutchinson (H)..........- 17585." 38 Weetnere p ass 
Independence (39).......- 816 31 Apr. 13) Oct.w924 
RetimoOrer(G9) eck o> ere +s cles 2,268 8 May 21] Oct. 17 ay 
Lb ateKG Moons ope commer 2,993 12 May 1] Oct. 12 +e 
Pyarned cS) amperes sates 6: clot 2,090 Uf May 6] Oct. 16 a 
Lawrence (88)...-....---: 874 41 Apr. 5] Oct. 24 v2 
Mebo. (SO) ncstice «teres hats 1,138 18 Apr. 17 | Oct. 18 1 
Macksville (39).....-.---- 2,632 16 Apres 28°} Oct, 10 165 


bas eg 
ay he aa 1,100 16 Apr. 26 | Oct. 10] 167 | 
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TaBLp 2.—Frost data and length of average frostless season for 1803 stations in the 
(Plate 34.)—Continued. 


United States. 


Station. 


Kansas— Continued: 


Marion (39).. 


McPherson (89)) a. diem st-.62 
Medicine Lodge (39)...... 
Minneapolis (38).........- 


Ness City (39) 
Oswego (39).. 
Ottawa (39).. 
aolois9) see 


Phillipsburg(S8) .e- er. ne 


Republic (38) . 
Rome (39).... 


Salinas(88)ei paseo acta ee 
Scott Citys (S9) ieee sees 


Sedan (39).... 
Topeka (88).. 


Altitude. 


Tribumes(39) ace ctastew cells ote-< severe ones 


Ulysses (39).. 
Valley Falls (3 
Viroqua (89).. 


RAG oe 


Wakeeney (88)..........- 


Wallace (38).. 
Wichita (89).. 
Winfield (39). 


Yates Center (39)......... 


Kentucky: 


Alphas (GS) acmcascrerenncrellarstate SreneeGnaros 


Bardstown (76 


NeSocueesrios 


Beattyville@o)ac.ceee oot 


Berea (75)... . 


Blandvallen(6) ence 
Bowling Green (76)....... 
CLG) are on acta et 
HMarhineton (7G6)i.acd-s eee 
Memonton) (Ene cee 


Canton-Cadiz 


Eubank (75).. 


Evansville (7G)me seereee nee 
Greensburg (76).......... 
Hopkinsville (76)......... 


Irvington (76) 


Lexington (75) 
Loretto (76) .. 
Louisville (76) 
Maysville (75) 


abel hclhtela (7G) eneiee ae 


Middlesboro (75)......... 
Mount Sterling (75)....... 
Owensboroi(76)scseencee 


Paducah (76). 


Raiobmiond (75)... 6... nee 
BCObUCZ) oa aera ca cenee etal oro eee 
whelby City>) aoe 
Shelbyvalles(76)iec sete 
Williamsburg (75)......... 


Louisiana: 
Abbeville (45) 


No. of 
years of 
record. 


Average date of— 


Last frost | First frost 
in spring. jin autumn. 


Apr. tS) Ochomares 
Apr. 20 | Oct. 19 
Apr. 12°| Oct. 18 
Apr. 30] Oct. i1 
Apr. 30] Oct. 15 
Apr, 17 | Oct. “724 
Apr. 20] Oct. 15 
Apr. 20 | Oct. 14 
May 31] Oct. 10 
Apr. 30 | Oct. 17 
Apr: - 16°} Oct: 20 
Apr: 27 | Ok Az 
Apr. 24-\) Oct-11 
Apr. 10°} Oets "27 
Apr: (9'})) Oct, 15 
May 1 | Oct. 6 
Apr. 29 | Oct. 15 
Apr. 24 | Oct. 8 
Apr. 17° | Oct. 21 
May 3 | Oct. 2 
Apr. 22 | Oct. 2 
Apr. 8 | Oct. 19 
Apr. 19 | Oct. 15 
Apr 17 Octo 12 


Apr: “137}Ock 6 
Apr. 18 | Oct. 18 
Apr. 25 | Oct. 10 
Apr. 18 | Oct. 12 
Apr. 15 | Oct. 20 
Apr. 17 | Oct. 20 
Apr. 14] Oct. 16 
Apr. 19 | Oct. 16 
Apres si75| Octo. ail 
Apr. 28 | Oct. 8 
Apr. 79) Ocke 27 
Apr. 20 | Oct. 6 
Aprs ‘11 4} Oct-20 
Apr Siy-| Octa. 47: 
Apr. 14 | Oct. 16 
Apr? 194} Octa23 
Apr. 21 | Oct. 6 
Apr. 9 | Oct. 22 
Apr. 23 | Oct. 14 
Apr. 19 | Oct. 14 
Apry 23) Oct. 913 
Apr. 10 | Oct. 24 
Mar. 29 | Oct. 26 
Apr. 15 | Oct 18 
Apr. 21 | Oct. 14 
Apr. 24 | Oct. 6 


Apre 1b Oct 15 


Apr. 5] Oct. 20 


Mar. 41] Nov. 15 


Length of 
average 
frostless 
season. 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued, 


Average date of— Length of 


Station. eee! © VOLAge 
Last frost | First frost ee 
in spring. jin autumn. r 
Louisiana—Continued: days 
Alexandria (46)........... Mar. 81] Nov. 10 247 
PAY Ue, (4-5) eee te ee Sie Mar. 13 | Nov. 10 242 
Baton Rouge (45)......... Mar. 11 Nov. 19 263 
Burrwood (45)............ it ep, 300 
Walhount(46) eee sie. hs Mar. 15] Nov. 9 939 
Cameron (45)............. Feb. 22] Nov. 26 277 
Cheneyville (45).......... Mar. 11] Nov. 8 252 
Clinton) eieca<cae% <n Mar. 12] Nov. 9 242 
Collinston (46)........... Mar. 21] Nov. 10 253 
Covington (45)........... Mar. 31] Nov. 18 260 
Donaldsonville (45)....... Feb. 25 | Nov. 21 269 
Farmerville (46).......... Mar. 19 | Nov. 5 231 
Branklin, (45 )yetre a4 a. sms Feb. 20] Nov. 25 278 
Grand Cane (46).......... Mar. 11 | Nov. 10 244 
Hammond(45) io... ss... 0. Mar. 7 | Nov. 17 255 
loum a4 5) erehics Sass tagalc sieeve 2eicets « Feb. 28 | Nov. 20 265 
JENNINGS (4D) Kec. ole Few s Feb. 22 | Nov. 21 272 
Lafayette (45)............ Mar. 31] Nov. 13 255 
Lake Charles (45)......... Feb. 24 | Nov. 25 274 
Lake Providence (H) Mar. 14 | Nov. 8 239 
Hoakeside4o)mertas «eioele stn s'[is.s.0 «od trea ee Feb. 13] Dec. 5 295 
Lawrence (45)............ Feb. 13 | Dec. 11 301 
Toners See 2) eS ee A ee Mar. 22] Nov. 4 227 
Melville (45).o. 2 acces ole oo Mar, 98>) Nova a 244 
Mindent(G6) nc ste 5 0.2 va Mar. 14 | Nov. 13 244 
Monroe: (46) 2.0%... tite oss Mar. 14 | Nov. 12 243 
New Iberia (45).......... Feb. 20 | Nov. 29 282 
New Orleans (45)......... Feb 3 | Dec. 10 310 
Opelousas (45). .......... Mar. 5 | Nov. 17 257 
CGbetaree (GLa o ore Se eRe ae nee Mar. 28 | Nov. 4 221 
Plain Dealing (46)........ Mar. 27 | Nov. 9 227 
Port. ads) (EL) 6. 2.4502 ees Jan. 26 | Dec. 20 328 
(yaa (45) meen oie ole, erat Feb. 25 | Noy. 20 268 
Robeline (46). c....6.002000- Mar. 21] Nov. 4 228 
Raston (AG) secre sr<te othe ie: ase Mar. 23 | Nov. 3 225 
Sehrever(45) oc. o- ae. 0 - Feb. 28] Nov. 16 261 
Shreveport (46)........... Mar. 41] Nov. 11 252 
SupartowI(AO)icn os desis srees |e cts wate dele ae-s Feb. 26 | Nov. 22 269 
Maine: 
‘Bar Harbor (106) $....%.. - May 18 | Oct. 12 147 
Wornmishn@OG)e sete: ors « May 23 | Sept. 12 Wie 
AS OTE! (LOG) eee «teres selene Apres 2s Octwale 167 
Bi atrivel hae exer, to tiaeorertt ss May 13 | Sept. 24 134 
HAnMIN STON GLOG) eee s siete | ois ene! iena 6 a) 6 May 16 | Sept. 15 122 
ila catatta LOG) ess siies tiers) |(o <ie°«vehestoneca-s. © May 22 | Sept. 15 116 
Gardiner (106)... 4... ««.- May 6] Oct. 1 148 
Lewiston (106)..........- May 5] Oct. 2 150 
Mayfield (106)..........+ May 17 | Sept. 22] 128 
Millinocket (106)......... May 16 | Sept. 20] 127 
North Bridgton (106) May 15 | Sept. 15 123 
(Ongena (OS) 65505 ge noon Je May 11 | Sept. 24 136 
May 14 | Oct. 18 157 
ort anal OG icv snta. «7 sn y io 
Rumford Falls (106)...... May 15 | Sept. 20 
IVVimslowa (LOG) iets -ercticer usn- May 10 | Sept. 22 5 
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Tasip 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Average date of— | Length of 
: No. of average 
Station. Altitude. Youre Of os (cae a) treater 
record. | Last frost | First frost ecnaks 
in spring. |in autumn. 7 
Maryland: feet days 
Annapolis (95)2.......-2. 45 8 Apr: . 15) |2Otte 227 195 
Bachmans Valley (94)..... 860 9 May 3 | Oct 9 159 
Baltimore (95)e.. 2.50. > 90 33 Apr 4} Nov. “3 213 
@ambridge 05)". 2.2... 25 9 Apr. 16] Nov. 1 199 
Cheltenham (95).........- 230 9 Apr 164 Oct-20 187 
Chestertown (95)........- 80 13 Apr. 20.| Oct. 25 188 
Chewsville (94)........... 530 7 May 7 | Oct 7 153 
Coleman’ (05) cee nee 80 a Apr. 15 | Oct. 26 194 
College Park (94)........- 170 5 Apr. 30 | Oct. 9 162 
Darlington (95)... ee 300 12 Apr. 22 | Oct. 19 180 
aston: (9b)iceaee seers ae 35 11 Apr. 10] Nov. 2 206 
Emmitsburg (94)......... 720 is Apr. 6] Nov. 14 222 
Pallstone(O5) merase ee 450 als Apr. 20] Oct. 13 176 
Frederick (94)............ 275 6 Apr. 241] Oct. 19 178 
Great Falls (94).......... 200 6 Apr. 30 |) Octar 47 170 
Green Spring Furnace (94). 450 11 Apr. 21 7 Oct.” 11 173 
Pocomoke City (95)....... 37 11 Apr. 22 | Oct. 19 180 
Princess Anne (95)........ 20 ilk: Apr. 23 | Oct.” 15 175 
Solomon’s (95)2....26 sas 20 13 Apr. 8]| Nov. 13 219 
Sudlersville (95).......... 65 8 Apr: > 12) Oct? © £6 187 
Taneytown (94).......... 450 i Apr. 28 | Oct. 8 163 
Washington, D. C. (94).... get 38 Apres fate} Octemeae 197 
Westernport (94)......... 1,000 6 Apr. 30 | Oct. 9 162 
Massachusetts: 
Ambherst)(LO5)iees.ce. sale 222 (H) 20 May 7] Oct. 8 154 
3 lue sell CED) eee rene cite 6400-9 eae May 10] Sept. 18 131 
Boston: (LOS) Mee. enter ee 124 36 Apr. 20] Oct. 22 185 
Pall) River (jen. ssssee ZOOt ey lleva ets entertains Apr 253) Oct-10 168 
Fitchburg (105)... eee 550 (H) 26 Apres 28) |-Octy = 12 167 
Hyannis*(H).07-. 2... 2 BT lea eee Apr. 27 | Oct. 18 174 
Lawrence (105)........... 51 25) Apr. 27 | Oct. 16 thy 
Middleboro (H).......... 53°9." | Scaratnc oor May 12 | Sept. 30 141 
Monsoni(05)teea. te. one 390) Mle aes May 10] Sept. 25 138 
Nantucket (105).......... 15 23 Apr. 10] Nov. 5 209 
New Bedford (H)......... LOOY he eae Apres = 23° 15Oct. 2 ot 181 
leah ol (@5 Pou cogonconac TL O50 os [esc ence May 4 | Oct. 4 153 
Provincetown (H)......... 1650 0S cee Apr. 19 | Oct. 30 194 
Springfield (105).......... 199 We May 11] Oct. 8 160 
Turners Falls (105)....... 200 14 May 1 | Oct. 1 153 
Williamstown (105)....... 711 23 May 10 | Sept. 28 141 
Michigan: 
J Kobath GS We a> ood doco eee 770 8 May 10] Oct. 30 173 
Alimia::(63)' seine toner: oe 750 8 May 14 | Sept. 30 139 
I oles WEN re ae Git to Oc 609 35 May 14] Sept. 28 137 
ANT AT DOM (OS) enene ene 930 8 May “G67 Oct. "12 159 
(Arbela: (O63) ceria cette 728 10 May 11 | Sept. 23 135 
Ball Mountain (63)....... 983 11 May 10] Oct. 4 147 
Big, Rapids!) (G2) tamcee.cer 906 10 May 14] Sept. 23 132 
Calhumeti (heme caisere eee 1246 2 2 ||e x. cee May 11 | Oct. 8 150 
Charlevor (G2)mescee. see 610 8 May 14] Oct. 12 151 
Chathami(GL)eravcses seer 875 8 June 11 | Sept. 17 98 
Cheboygan (63).......... 611 val May 20 | Sept. 24 127 
Detroit(63) eee eee 730 35 Apr. 30] Oct. 11 164 
Escanaba: (Glee. aoceacces 612 11 May 16] Oct. 3 140 


Grand Haven (62)....... 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Naot Average date of— Length of 
Station. Altitude. years of} |———__-—__ average 
record, | Last frost | First frost frostless 
in spring. jin autumn. a eee 
Michigan—Continued: feet. days. 
Grand Rapids (62)........ 707 15 May 1/1] Oct. 12 164 
Graylings(G3) meres wee «suse: 1,147 9 May 18] Sept. 18 123 
Harbor Beach (63)........ 635 9 May 11 | Oct. 5 147 
Elarrisony\(63)isjo.<s «si «are 1,159 8 May 17 | Sept. 27 133 
Harrisville (62).....0...<.. 616 8 May 16] Oct. 4 141 
fart (Oise ccidalecc <0 698 4 May 13 | Oct. 1 141 
iefastiniras (El ist dev w ots apy: CLD: yoy | es os eee a; May 10] Sept. 15 128 
Houghton (61) c.06 5 3 668 10 May 8 | Octs9) 7 152 
umbolts (G1) etsoc cai alec 1,536 11 June 7 {| Sept. 5 92 
ronsknver. (6.1). conccteex so 1,504 10 June 3 | Sept. 15 104 
TRANS DS ee oe ae | ee ee May 23 Sept. 14 114 
Kalamaz00 (62) 2 .cssc.< s< 05 955 9 May 4 | Oct. 4 156 
MANSING GS)! kistee eave 56 sts 820 11 May 4] Oct. 9 158 
Mancelona (62).....-....- eabal 8 May 24 | Sept. 28 127 
Manistee (62)c:... «cee oes 600 6 May 13 | Oct. 3 143 
Marquette (61)..........- 734 21 May 15 | Oct. 2 140 
Menominee (61).........- 581 9 May 16] Oct. 6 143 
Muskegon (62)..........- 587 Q May 51] Sept. 29 147 
INewberry> (61)).c...... 55... 773 5 May 29 | Sept. 11 105 
Ol vet (G2) cere ctetene cles: 4e> 934 9 May 7 | Oct. 5s 151 
Omer (63). seco vehs 25:3 616 8 May 28 | Sept. 13 108 
ortpeuron (OS). |e sss 639 35 May tu70 |" Oct.a cd 155 
Saginaw, W.S. (63)....... 601 9 May 9 | Oct. 1 145 
St. lenace: (61) 26a... = 593 7 May 11 |} Sept. 28 140 
St. Joseph (62)).....:..-.. 593 6 Apr; 17 |) Oct@s 12 178 
Saranae(O2)lonce.s 2's ot.06 639 7 May 13 | Oct. 2 142 
Sault Ste. Marie (61)...... 614 22 May 14 | Sept. 29 138 
Mhomnstom (61)..-.0) 27 «2° eve 1,347 10 June 8| Sept. 1 85 
Traverse City (62).......- 588 8 May 17| Oct. 5 141 
IVtSeDIN( G2) cieipiisic slorsis 6 2 o1- 842 10 May 4] Oct. 11 160 
Whitefish Point (61)...... 610 9 May 17 | Oct. 10 146 
Minnesota: 

Bird Island (65).......:.- 1,039 16 May 91] Sept. 25 139 
Collegeville (56).........- 1,282 16 May 7 | Sept. 28 144 
(rookstom: (5d) ides + cle o.6 441 863 16 May 15 | Sept. 22 130 
Hpaliv ls (88) < deasd ics. © cee 1,133 39 May 4| Oct. 3 152 
airmont.(n) (5) <7... 753 16 May 6 |"Octraaes 150 
Fergus Falls (55)......... 1,210 17 May 11 | Sept. 22 134 
Grand Meadow (56)......- 1,338 16 May 16 | Sept. 25 132 
Lake Winnibigoshish (57).. 1,300 12 May 22 | Sept. 24 125 
Mong Prairie (55)... . .-> - « 1,299 16 May 18 | Sept. 23 128 
VEE (EL) grleseeste a) @ «csi EEAS(s Mil aes etteee os May 11] Sept. 19 131 
Huey Glee ctonertatets shake orecee ha lress 15 May 12] Sept. 25 136 
DVinil amas (CD) epee attest eases = oon eae 995 16 May 14] Sept. 21 130 
Minneapolis (56)........-- 918 18 Apr. 29 | Oct. vi 161 
Moorhead (S7)iin> 22% «+1 903 28 May 13 | Sept. 22 132 
Morris. (Ob) sates. oh «0 Je 1,170 17 May 12] Sept. 25 136 
IMbslromi (7) 0 2 aes ee0s 1,510 15 June 31] Sept. 9 98 
New London (55).......-- 1,215 15 May 9 | Sept. 30 144 
New Ulm (55)......--- ie 791 16 May 6 | Sept. 27 144 
Park Rapids (57)........- 1,426 16 May 20 | Sept. 19 122 
Pine River Dam (56)...... 1,251 15 May 18 | Sept. 20 125 
Ried \Wanigy (06) eye ts etter o = eue 708 9 May 4 | Oct. 11 160 
Rolling Green (H)........ TODAS Ao cuterdiveus o« May 4 | Oct. - ee 
St Charles, (56) ire cist cculer 850 16 May 16 | Sept. 27 1 


176 ENVIRONMENTAL CONDITIONS. 


Tasie 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


— f 

Ao of Average date of Length o 

: F average 
Station. Altitude. years of foisted 


record. Last frost | First frost 


: : ; season. 
in spring. /in autumn. 
Minnesota—Continued: feet. days. 
St. Pauli(56) eset ere 848 36 Apr. 27 | Oct. 3 159 
St, Peters (OO }eawraeme stare 840 14 May 17 | Sept. 27 133 
St. Vincent Pembine (57).. “789 14 June 3 | Sept. 14 103 
Sandy Lake Dam (57)..... 1,234 LZ May 21 | Sept. 23 125 
Shakopee (66)..-.2:...+-- 750 14 May 12 | Sept. 25 136 
MO Wet (4) meee teers tosis 1,350 7 June 5 | Sept. 13 100 
Wabasha (58).....5..--.: 681 14 May 1 | Oct. 5 157 
Winnebago (56). ..2..-..- 1,100 11 May 6 | Sept. 28 145 
Worthington (55)........- 979 15 May 7 | Sept. 23 139 
Mississippi: 
PANISCINIA GAO) alenernee to tetaenstaner: 200 15 Mar. 30] Oct. 29 213 
Batesville CED) yee eet 2308 |‘ hencleveteatetenes Mar. 24 | Oct. 24 214 
Biloxi (S0)2 cae es baste 24 18 Feb. 25 | Nov. 28 276 
Booneville (79).........-- 504 15 Mar. 29 | Nov. 1 D7 
Brookhaven (80).........- 500 16 Mar. 18} Nov. 4 231 
Cantong (C0) secre cern 228 16 Mar. 19 | Nov. 4 230 
Columbus \(79)ice tga. oes 250 14 Mar. 27 | Oct. 31 218 
Crystal Springs (80)....... 468 16 | Mar. 24 | (Octg 32 221 
Greenville) (79) ane ters 126 18 Mar. 18 | Oct. 31 227 
Greenwood (79).........- 140 14 Mar. 19 |} Oct. 27 222 
Hattiesburg (80).......... 154 16 Marz i) Nove ae 243 
Holly Springs (79)........ 600 14 Mar. 28 | Nov. 2 219 
Iseakesvalle (SO)Ra. aun siecle ee oe 16 Mar. 5] Nov. 10 250 
howsville: (79) sen eee ee 561 16 Mar. 26 | Oct. 30 218 
Macnolial(S0)mer ee sacs ott 415 15 Mar. 15 | Nov. 9 239 
MMeridiang (SO) petentieretteete 375 20 Mar. 17 | Nov. 2 230 
INatcheza(S0)mcumareaces ieee 206 16 Mar. 9] Nov. 12 248 
Palo Alto (ED pieces eres SOSA Whe cisreeeneee Mar. 27 | Nov. 4 222 
Pearlington (80).......... 10 16 Mars 1 jeNoyy 24 268 
Pontotoen(7 9) ge sderde crests 475 18 Mar. 28 | Oct. 28 214 
Vicksburg (80)........... 247 38 Mar. 61] Nov. 13 252 
Water Valley (79)......... 300 17 Mar. 27 | Oct. 31 218 
Waynesboro (80)......... 191 17 Mar. 20 | Nov. 4 229 
Woodville (60). ......... 560 16 Mar. 12] Nov. 14 247 
Ya 700; City. (G0) ic eererienee 116 16 Mar. 28 |} Nov. 2 219 
Missouri: 
Appleton s(49) aorsee sareusvorals ite ace ens cies 18 Apr. 20 | Oct. 19 182 
PACVio OTA COL) ee cretcnee sees connate Aer acon erereestiote 12 Apr! 20 sOCtmaS 173 
Belle(SO)itesecmcteasene ocr 1,000 8 Apr, 17 | Oct. 415 181 
Bethania oil) memractimeerese 881 16 Apr. 26 | Oct. 8 165 
Burchtrees(OO)iae.n seer elee 1,200 16 Apres 17 |) Octe als 182 
Brunswick (51)........... 652 20 Apr et? | Octa at9 185 
Caruthersville (50)........ 860 13 Apr 5 | Oct Bot 199 
Columbiai(51)inecwceweceee 784 20 Apr. 18 | Oct. 14 179 
DarksvilleOL)iwachies seek 826 iz Apr 2s: Oct mals: 174 
Dean (49) esecarenert cna mace ceeel liovane eve Sere oe 10 Apr. 616))|Octiumsts 180 
DESoton(o0) een 498 if Aprs 721 | Octassl2 174 
HST OLbE (OL) eeeeeeiaera tee 535 eS May 1 |} Oct. 8 160 
avyettiou(al jeenmentace chine 725 24 Apr 21 |jcOctaaul4 176 
Fiulttome(G)) ee eee ee 818 14 Apre a2 | sOct 8 170 
Gallatims(61) insets 803 17 Apr 79) ‘OctausL9 185 
Gano (SO) areata oe Me aiece eons 6 Apr. 234) Octs “15 175 
(Eopuna(GHE Gs 5 tok onc cle 700 15 Apr. 29 | Oct. 9 164 
GrantiCity) (ol) hase ooeoe 1,130 12 Apr. 26] Oct. 13 170 
Greenville: (50) mcaneneny emo: ere ieee 12 Apr. 16 | Oct. 9 176 
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TABLE 2.—Frost data and length of average frostless season for 1808 stations in the 
United States. (Plate 34.)—Continued. 


Nalak Average date of— Length of 
Station. Altitude. vesset | Sverage 
record. Last frost | First frost frostless 
in spring. jin autumn.| 5°#5°2- 
Missouri—Continued: feet. days. 
Hannibal (65)............ 534 17 Apr. 16 | Oct. 16 183 
Harrisonville (49)......... 912 19 Apr. 19 | Oct. 26 190 
TTOUSsLONY (DO) ne sess ene 1,280 17 Apr. 25] Oct. 9 167 
Pronton (50) rece dees os once 925 21 Apr. 28 | Oct. 3 158 
MSOKSOR (OO)cerkna iat « ciis & 458 17 Apr, 22) Oct. o1! 172 
Jefferson City (51)........ 628 16 Apr. 19 | Oct. 15 179 
ODT (AQ) ee octets Saks er, ons 979 7 Apr. 15] Oct. 19 187 
Kansas City (51)......... 963 20 Apr. 10 | Oct. 23 196 
Koshkonong (50)......... 911 9 Apr. 15 | Oct. 22 190 
dim pr (49) Aertel = ee 964 18 Apr. 18] Oct. 17 182 
Webanon: (49)e cactus coe: 1,265 18 Apr 14a Octo ls 186 
Pexington (51) Gscee de. coe: 813 16 Apr el a LO Cl mantis 183 
WSrEVACOL iemenienvh & sacs 2 864 18 Apr 205) iOcts 8 171 
Ti UISIANA, (HL )ie. ct overs, ofevers ie 500 11 sApra) 22:1 Octy 12 173 
Macon) Aces isis sccee 881 8 Apr. 20 | Oct. 16 179 
IMiarblenktilli(50))ecan,< ace 420 16 Apr: 19) | ;@ctan 13 177 
Marsivall’ (49). oo, cc fes.< ere 779 16 Apra 19)| Oct. At ies 
Maryville (51))/oe 2s. ots es *1,160 15 Apr. 21 | Oct. Gi 169 
NT CSICGECD DL Vepeprarsstetens, +: ators 797 30 Apra)) 16) 1 Oct aG 183 
We? neavut (9 DIE Os eee ieee 622 9 ADI ol aOCt mele 174 
NImePaISpTING (49) sa6 cs 0ci|e soe chee oes i Apr. 14 | Oct 16 185 
J asi ELS a | | 10 Apr. 19) |) Octaumo 169 
Mountain Grove (49)...... 1,490 8 Apr, 23) | Oct2 | 14 174 
Mit; Vernon (49) ....5 26.32 1,480 16 Apr. 25 | Oct. 8 166 
INéosho: (49) 2.05.00. os cae 1,023 17 Apr. 24] Oct. 15 174 
INevadar(49).. cavied «rie sccie ‘su 860 12 Apr. 19 | Oct. 14 178 
New Madrid (50)......... 285 5 Apr, 24 | Oct. 20 179 
Oakfield (GO)enc. sc. s cose 793 17 Apr. 16 | Oct. 22 189 
Oldens(SO0)iGeesice casa ss ss 1,246 i Apr. 16 | Oct. 18 185 
Mregon MOL )iekis ve sys e ste «= 1,113 19 Apr 200| Octal 172 
Ponlar Bluth GO). .< 2.0: 344 9 ADEe (a | ROCtsmeL a 193 
ierinceton (O1)\n...0¢ s+ > 1,026 18 Apr. 24 | Oct. 9 168 
Richmond! (hl) vac..0 + 2s» Soe if iMe, 76 || Yar, 200 
AESKOA LAIN EOO) chetererencieveyany aie ile ape 1,092 13 Apr. 20] Oct. 15 178 
ted OBI (OL) eis were ale te « 825 8 Apr: (24) Oct. 17 176 
Ribs OUIS: (66)% oe 010 0 2 ee 568 35 Apr. 3 | Oct. 27 207 
Seals; (49) ocak «cece = 889 14 Apr. 19 | Oct. 19 183 
Bevimoun (49) tric carne sinew swat toh 12 Apr) 190) Octet 175 
SOLEMN (OL) arose vice 0: 215107 781 8 Apr. 24 | Oct. 10 169 
Bikeston (OO)iec. oe cess a6 = BY. 14 Apr. 10 Oct. 18 191 
Springfield (49)........... 1,350 20 Apr. 14 | Oct. 18 187 
Stettenville (61))...0-......- 576 14 Apr: » 24 | Oot, 10 169 
PU DLOUh (OL eraratatatenreycetee = 1,000 15 Apr. 1 | Oct: 5 187 
Jenin GB ))o5onncombaeee 812 13 Apr. 20] Oct. 9 172 
Wrnionville (GL). cece sees © 1,072 15 Apr. 25 | Oct. 13 171 
Warrensburg (49)......-.- 883 16 Apr .187 | Ottiael7 182 
Warrenton (51).........-- 865 18 Aprame 2) | OChamenlo 177 
Wheatland (49)..........- 920 13 Apr. 18] Oct. 8 173 
WWalectsor (49) ies nene io ore ote illeroususts eels reir 17 Apr. 217)|Oct.. 18 180 
Montana: 
Adel (20) iii ctocters s)sjene osteo: 5,200 10 June 25 | Aug. 24 60 
Agricultural College (27)... 4,700 8 May 28 | Sept. 7 102 
Anaconda (28) 0.4.65. s.2% 5,300 8 June 13] Sept. 4 83 
PAN UBtal (29) )eesicwcieters sims 4,071 10 June 6] Aug. 25 80 


MSAD INCL) catered <ceterdonenies 4,461 4 June 19 | Aug. 11 53 
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TaBLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Average date of— Length of 
Stati Altitud eer pede 
ation. itude. yea: 
; record. | Last frost | First frost aes 
in spring. jin autumn. a 
Montana—Continued: feet. days. 

sib CM oocuguaccdadde 3,115 10 May 7 | Sept. 16 132 
iBoulder((27) mascara 4,920 8 June 19 | Sept. 5 78 
Bisby. (26) scent nets otctore steele roteerecerear oreo 6 June 3 | Sept. 17 106 
Butteu(27) sms cee. 5,716 14 June 5 | Sept. 15 102 
Canyon Ferry (27)........ 3,644 10 May 13 | Sept. 18 128 
@ascede:(29) nee see eee 3,361 6 May 20 | Sept. 19 122 
Chester(29)iccne. uae ee ces 3,140 6 May 23 | Sept. 13 113 
Chinooka(30)iee ele ee 2,502 10 May 13 | Sept. 11 121 
Chouteau (29) Face cts se 3,810 11 May 30 | Sept. 6 99 
Clear’ Creck:(29) andes cote an eee ence 4 May 30 | Sept. 26 119 
Columbia Falls (28)....... 3,100 16 June 9 | Aug. 22 74 
Copperi(27) sree sce ohers ore Pecave arte ereton are 4 June 11} Aug. 3 53 
Crow Agency (26)...... 3,041 27 May 15 | Sept. 26 134 
Culbertson (80)........... 1,927 7 May 30] Sept. 5 98 
@utBank (29) eee eee oe 3,700 ai June 14 | Aug. 29 76 
Dayton(28)ieeae seen 2,800 6 May 17 | Sept. 15 121 
Decker (26) ae cere atele ci eterere 3,400 5 May 23 | Sept. 7 107 
Deer Lodge (28).........- 4,768 8 June 16 | Sept. 6 82 
Dillonw(27 eterna se etter 5,147 9 June 9] Sept. 1 84 
East Anaconda (28)....... 5,500 4 June 1 | Sept. 14 105 
Wkalaka: C26)ee uaa 6c <sheteilis anscatweethetee eis rf May 22 | Sept. 22 123 
Fallont(26)heen eee aces 2,208 4 May 22 | Sept. 29 130 
IRorsytho(26)e mies fete ates 2,514 3 May 9 | Sept. 29 143 
Fort Benton (29)......... 2,630 9 May 16 | Sept. 30 137 
HOrtine (28) eeneee ce ects ea 2,975 3 May 31 | Aug 6 67 
ort uowran (2d) cere 6,000 12 June 16 | Aug. 30 75 
Portishawi(2o)iacs meee 3,500 2 May 10} Sept. 16 129 
Glasgow (30)ieaecanine «cee 2,092 14 May 22 Sept. 12 113 
Glendiver(30).%% womens ee 2,069 16 May 12 | Sept. 22 133 
Gold Butte (29)\ ic. meester eee ee meee 3 May 22) Sept. 1 102 
Great Falls (29).......... 3,350 18 May 7 | Sept. 16 132 
Hamil tong (28) ec aierse 3,575 7 May 12 | Sept. 24 135 
EfarlowtonuCai)ecaces cette 4,165 15 June 6] Sept. 4 90 
avret (29) arena streets 2,505 11 May 15 |} Sept. 14 122 
Helenad(27) daestscyeteeie setae 4,110 35 May 7 | Sept. 28 144 
Huntleya(26) eae ee 3,014 = May 5 |} Sept. 29 147 
Jordani(3O) latet vost. coal hee ee 4 May 10] Sept. 13 126 
Kalispell (28). se eek 2,965 12 May 13 | Sept. 30 140 
Mewistowmn (29)ece ne een 4,010 12 June 65 | Sept. 3 90 
Mivinestons(2i0)s. sce ae oe 4,488 8 May 20 | Sept. 17 120 
Lodgegrass (26)........... 3,441 4 May 18 | Sept. 21 126 
Manhattan (27).......... 4,292 8 June 6] Aug. 27 82 
Marysvallen(2i@)is.<.6- one 5,360 13 June 8 | Sept. 11 95 
Mualese@ity (26) ieee 2,371 18 May 7 | Sept. 24 140 
Missoular(@s)s ccna nee 3,212 10 May 13 | Sept. 19 129 
Ovandow(28) meee cence 2,207 10 July 4] Aug. 12 39 
Philipsburg (C28) 5 secant eee 5,275 6 June 11] Aug. 15 65 
Plains \(28)ieceeee toe ee 2,475 10 May 29 | Sept. 19 113 
Pleasant Valley (28)....... 3,500 2 July 10] Aug. 4 25 
IPOlSONG (28) eerie ite 2,920 2 May 10] Oct. 14 157 
IPoplari(SO)aeere eh cee 2,020 16 May 16} Sept. 11 118 
eo ehavmonds(20) se nee 4,260 3 June 22] Aug. 25 64 
Red Lodge (26)........... 5,548 8 June 13] Sept. 2 81 
Renova (QT) Baer sce 4,383 10 May 27 | Sept. 14 110 
Ridgelawn (30)........... 1,915 6 May 13 | Sept. 21 131 
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TasLe 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


No. of Average date of— Length of 

Altitude. year of | rn average 
record. | Last frost | First frost | {ostless 

in spring. Jin autumn.| °°25°2- 


a 


Station. 


Montana—Continued: 


St Lennwuan(es) cee... ae 2,700 4 Ma 

y 23 | Sept. 10 110 
BE Pauls) Mire, S08 4,150 10 May 29| Sept. 16] 110 
Stameeter.(29) ees ces a2ite - 4,500 6 Jane 697 | Sept eS 36 
Snowshoe (C28) Re datec soit ens 4,500 3 May 21] Sept. 9 111 
Sleredayetd Sywayes< (CLO Sarnia. lace en ee 7 June 11 Sept. 20 111 
Pokna 0s te sc oe 2,050 3 May 25 | Sept. 2 100 
pLostone(SO)}mecaocee cscs 3,950 7 June 3] Sept. 8 97 
Troy (30) settee eee eee ees 1,880 13 June 1 | Sept. 7 98 
Virginia Citys (at) set ccc: 5,880 6 June 15 | Sept. 16 93 
AW ibaitx: (26) tee watchers cies 2,674 4 May 14 | Sept. 13 122 
Wolf Creék"(27) io «...0.0 fe 4,000 5 May 31 | Sept. 16 108 
Yale (27) aistehaie tito foie 6 .a\(6,.afele.ie 4, 042 8 June 10 Sept ila 93 

Nebraska: 

FAV DLON (OO erttete cies ove. o.scererels 
VAMIBNCE (SD) ricu,c.cce es oc es 


IATISLG Vales icte chavs ats shacoitete 
[Ashland (SO) sc.sies's <02-8- 


Atkinson and O’Neill (36). 


INVITE Y Os Bota apes ect 
Bassett and Kirkwood (35) 
IBGRERICCL(O Cree re oi o.c ete 
Beaver Gity (Gl )s os. ++ se 
Bridgeport (35)..........- 
Brokenbow (35).......... 
@allaway (So)e. cto see 
Golumpus: (36)i->..-<-22 
Crete (oUiore tae cece ss 
Mavid City. (86)... ...5- 
MawsOUMol) tosses cvs cees 
Dunning and Purdum (35). 
IPaivmuty~ (B87) eas fois «ses « 
Fort Robinson (35)....... 
Fort Sydney and Lodge- 

POLSON SO) emer ae oieye fhe. 2 
oraniclrnn (Ba uric cele cts, e cre es 
ex CIMOUG(OO)nianit see a sels 
Genevatlod) semaine che «sete 
Genonn(sG) pementaecte scr eis 
Grerine (So) anemone cle sate's 
Grand Island (37)......... 


Grant and Madrid (37).... 


Hartington (36)'........% 6: 
larsveirde (cs () erat: craisis .sss'e o. 
Rahim 250 (Gul yerretae sect coher 
Hay Springs (85)......... 
lsi@orzoret-( CHA acronouoamoced 
lstnlohyeers (G¥Olnann ooo ooeoo 
Gaara G20) sc.6.6e coed ocls| | eke Boose.cMone 
WNCATNOY] (Sd )inie cls tee ces E 

ita hie (GQ) s66 asntanctddl momomes caocc 

Ram Dalla(Go er ner eeiec sets 
jbghehirgresn Gi) iaBaoe sacumcs 
MEATICO TICS) eo aceereteihe = oer enen 
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TaBLy 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Average date of— Length of 
; No. of average 
Station. Altitude. years ol she eee | \froatlaaa 
record. | Last frost | First frost Boag ii 
in spring. |in autumn. ‘i 
Nebraska—Continued: feet. days. 
ipynch (36) sereare cetera 1,965 (H) 16 May 7] Sept. 24 140 
Madison (36), cr sisteiete a erete 1,585 14 May 2 | Sept. 30 151 
Nesbit (35)imectiee sires a eaaell le cetetearier ane 9 May 12] Sept. 21 132 
Norfolk: (86)ieemes aac ete 1,532 16 May 7 | Sept. 30 146 
North Loup (66)........-. 1,961 16 May 7 | Sept. 28 144 
North Platte (G5) anc... 2,826 34 May 11] Sept. 29 151 
Oakdale(36) ere eeimcie= oc 1,722 20 May 31] Sept. 26 146 
Omahia(S6) ieee cbc ater 1,103 37 Apr. ~26: | ‘Oct... 13 170 
INGK sono et aoomas cos 2,028 24 May 10} Sept. 30 143 
Redcloud (@)aes eerie eis 1,687 12 Apr. 24 | Oct 4 163 
St. Pauli6)e eet te 1,796 12 May 8 | Oct 3 148 
Santee (Sd) Meoc aster = optec is weneerersimies 16 May 6] Sept. 30 147 
Springview (86) caccecinese lee eee aes oe 16 May 10] Sept. 30 143 
Stanton "(S6)iyeecc eee ste 1,472 16 May 21] Oct 1 152 
Superiot(38) ness we settee 1,574 8 Apr. 28 | Oct 1 156 
AMecumiseli (Gt) amemieie etree: 1,114 20 May 2 | Oct 6 157 
‘Dekamal (SG6)incen cute smehe: 1,060 18 Apr. 27 | Oct 1 157 
Turlington and Syracuse 1,224 
Rene cae ae: { 1,059 } = Apes 2h | Ochamiel sauatee 
Valentine (35).......-...6 2,859 20 May 9 | Sept. 18 132 
Wakefield (36),.........00- 1,387 13 May 8 | Sept. 28 143 
Weeping Water (87)....... 1,080 23 May 8 |} Oct. 1 146 
iW.est ont, (8G). sem oie 1,313 14 May 3] Oct 4 154 
Viorka(Sé) aerate are 1,633 16 Apr. 21 | Oct. 3 165 
Nevada: 
INE AGP 7 bck ap AOE e G,504” —  fcilaseeiels May 21 | Sept. 21 123 
Beowawe (12)ia-0 eee cea 4i,GO5- 0 Wares ateyererenecs May 15 | Oct. 1 139 
Carson City (H).......... A OTA Te Wie wars May 20 | Sept. 20 123 
Blyi(12)eacere ns miciasine se G5421 0 © acetone June 1 | Sept. 18 109 
Burekag(l2) ies. eee ciycete 6,500) Wisi ech wes June 8] Sept. 20 104 
Hallon iC 2)ecmemae niantecee 35 GOO — » Ic ce eleretetee, = May 25 | Oct. 4 132 
Gardnerville (12)......... 4.830: | -AlSacapiee cee June 15 | Sept. 23 100 
Goeysers(1 2) panitetes oiielic oe cis iets oils cntaere ees June 23 | Sept. 3 72 
Lewer’s Ranch (12)....... 6282) heen eee May 26 | Sept. 28 125 
Logan (2) semen see eee L700 “Me saaeereeine Apr. 14] Nov. 6 206 
eo v.elockaGl2) ean eet tee S5O8d “oNiswieercucee May 22 | Sept. 22 123 
Palmetto (l2)ics.m sees hee 6: 50024 =tawe caters May 30} Sept. 21 114 
IPOtisn(l2) eet ee ere G5'990: oa ho teres June 16 | Oct. 2 108 
Quinn Riv. Ranch (12).... A S500 inate. June 19] Sept. 6 79 
Renorh2) germs ye cee 45 0382-" Nis ceawmieee May 16 | Sept. 31 138 
pLecoma (2) mesmo tae 4 S12 Ne tte err May 28 | Sept. 14 109 
Winnemucca (12)......... 4,344 Sactceteae sree May 15 | Sept. 23 131 
New Hampshire: 
Bethlehem (105).......... 1,470 18 May 22 | Sept. 19 120 
Concord(lOS)\inenne nee 350 38 May 7 | Sept. 30 146 
IDurhani(E) tae see O35 Salaneae ete | Layee | BOct 3 148 
Hanover (105) peseeeeeen 603 24 May 18 | Sept. 25 130 
Keene, (105) aeceemne eee 506 16 May 16 | Sept. 20 127 
INashuse (105) menee eee erie 125 24 May 51] Sept. 10 128 
Plymouth (105). ose eek 500 21 May 17 | Sept. 26 toe 
piratoraa( 105) oe eeeeee 1,000 9 May 23 | Sept. 20 120 
New Jersey: 
Asbury Park (H)......... 1 OP Nise Pakar aha Apr. 19 | Oct. 21 185 
Atlantic City (99)......... 16 35 Apr) | 11) | Noveae4 207 
Bayonnes(LOO)eenment eee 50 16 Apr. 16] Oct. 19} 186 
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TABLE 2.—Frost data and length of average frostless season for 1898 stations in the 


United States. 


Station. 


New Jersey—Continued: 
Belvidere (L00)he....2..- 
Beverly: (99)\.2 kee. wca sioe ei 
Bridgeton’ (99)is.0. <saccs ox 
Cape May Courthouse (99) 
Charlotteburg (100)....... 
IDO Vers CLOO) cae sink ce tees 
Imlaystown (99).......... 
Lambertville (100)........ 
Way ton: (100) je ceecre cre wic.0 
Moorestown (99)......... 
New Brunswick (100)..... 
INGwtori(LOO)2 ci. e's cece 
Oceanic (99) 5 x56... 0 os os 
Paterson (LOO). osc os cs ek 
Plainfield’ (100)... ..... 
iRiver Vale (100)........1...6% 
Somerville (100).......... 
South Orange (100)....... 
Srssexi (LOO) ioe. ose < so bte 
Vineland (99) ce. «sss 00st 

New Mexico: 


Altitude. 


FAL ATMAROLCONCZ) sieves Warns ieFiliete's «© faint ele 6 


PAID ORD (G)urcierers secs «i> sa = (el 


JNA (69 es eetoomoeise ao aan 
PAE COUNCED he cleicisere es ates Sievels 
Bloommreld(S) cee. oslo «0.6 ore 


(Gin kore! (P2 sss acts 6 GeIotIO 5 la aeoeekoctecG 


CEMA Oc elet ele -* <iei01 


IP LGUCa erage elee sills sjeiarsilletss + 2:21 ¢lsleie = 


uspanolan(D)s sec s- sie * 91601 
EOL SORIWCG) ors, arelels 0! 30s 66 15,0110 
GUE AV ALAS) ices aye © ase 00 


ORES GAN LOIS Co) mc lacine averse ffora's ore eles oles 


orci nion: (G))s. ¢/e.0 <r... 
Fort Wingate (5)......... 
iMgiths byte (GY eArene coe od 
Gallinas Springs (6)....... 


Mallsboro (2) aces cnis os orcfic ce stew secs 


bee) Were Gon senee@oanas 
Los Lunas (n) (5).....<..% 
Mesilla: Park (2).......... 
avon G)eaiea rete le eterers = 
(voswelly(2)igewsaeies cree «eva 


San Marcial (2)...2....00s)ese-sesccees 


Santa He(O) mete es oe ors" 
BOCOITON(D) cmaite erexeacd veel 
Springer (Generis eoce « 
EISAOSHCD) Sisto aieseve Vos. ssi )isceve 
WANSOTIAN(G)iceelavsies «occ oir 
New York: 
PAT emia OF )iercte «:ciciiots =sie'a. « 
FAM G eli Can (LOM) erecta)» = elers 
Appleton (LOL) ser. sie «oie 
VASOUTTIN (LOZ) Ie sie) <t5cate ers! onesie 


97 
270 (H) 


No. of 
years of 
record. 


(Plate 34.)—Continued. 


Average date of— 


Last frost | First frost 
in spring. jin autumn. 


Length of 
average 
frostless 
season. 


———_—q—| qu i —_ 
ne ee 
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TABLE 2,—Frost data and length of average frostless season for 1803 stations in the 


United States. 


Station. 


New York—Continued: 


Avorn (LOL) Freire stele iene 
Binghamton (103)........ 
Buttalo. (Oi) ener. 
@antony(lO2) Ferns sete 
Cooperstown (104)........ 
CWortlandi103) aire cteers rete 
Wilmnivan (LOL) aemiesw sletetare eye 


Altitude. 


Mranklinvalle™ (LOL) irrererts oul eres eal rete alate 


Glens Falls (104)......... 
Gloversville (104)......... 
Honeymead Brook (104)... 
UthacanCliO2)i come. ctr rete 
Jamestown (101).......... 
Mibertys@lOd)matcsretele ke 
Little Falls (104)......... 
Menage Galle sean aoa ouoc 
Tryions (LOZ) irerasiete crcesrs= ie els 
Moira, (102)... .2.....-.-- 
New Lisbon (103)........- 
INew Yorke. (lO4) eect en ers 
Number Four (102)....... 
Ogdensburg (102)......... 
Osweeo02)macsstceies asians 
Oxfords (03) seme ace siete 
Plattsburg) 104)5...6 .. sere 
Port Jervis (104) 2.3... 3. «. 
Rochester (101)........... 
Rome CE) an canta. weet ca ses 
Saranac Lake (104)....... 
Setauket (104)............ 


800 
1,300 (H) 
2,300 

924 

900 

407 

200 


SO Camisteon (Ou) sews cieccilete cateie ieceestene 


Syracuse (02)eca.ccees wes 
Watertown (102).......... 
Wedgewood (108)......... 
West Point (04)ee eas ce. 


North Carolina: 


Asheville (78)............ 
Beauforta(Ol) tees cnet 
Brewers (89) seer eee 
@aroleenk(S9)meaaacsees ee 
Chapel Hill (90).......... 
Charlotte(S9)mern cee ee 
Hdentone(Ol)imaeeacee ces 
Fayetteville (90).......... 
Goldsboro (90)........... 
Greensboro (90).......... 
Hatterass(9)) masses ences 
Henderson: (Ol)isenc ean tae 
bighlandsecel\erece seen eere 
Horse Cove (78).......... 
Kinston’ (90)ieqeee eects 
Wcenoir 71(S9) seceeeeccme tee 


Linnville (78) 


Louisburg (91) 


ee a ey 


Eittletone(9l)iyaes. comes 


Siehb ehelepbiee 16) 6) 


No. of 
years of 
record. 


(Plate 34.)—Continued. 


Average date of— 


May 
May 
Apr. 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
Apr. 
May 
May 
Apr. 
May 
May 
Apr. 
May 
May 
Apr. 
May 
May 
May 
Apr. 
May 
Apr. 
May 
May 
Apr. 


Apr. 
Mar. 
Apr. 
Apr. 
Apr. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Feb. 
Apr. 
May 
Apr. 
Apr. 
Apr. 
May 
Apr. 
Apr. 


17 
2 
26 

9 


me no LS) 
CoOWwmANounans 


i 


Oct. 
Oct. 
Oct. 


Sept. 


Oct. 
Oct. 
Oct. 


Sept. 


Oct. 


Sept. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


Sept. 


Oct. 
Oct. 


Sept. 
Nov. 
Sept. 


Oct. 
Oct. 


Sept. 


Oct. 
Oct. 
Oct. 


Sept. 
Sept. 
Nov. 
Sept. 


Oct. 
Oct. 
Oct. 
Oct. 


Oct. 
Dec. 
Oct. 
Oct. 
Oct. 


Nov. 
Nov. 
Nov. 
Nov. 


Oct. 


Nov. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


Sept. 


Oct. 
Oct. 


Last frost | First frost 
in spring. jin autumn. 


Length of 
average 
frostless 
season. 


days. 
140 
158 
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TABLE 2.—Frost data and length of average frostless season for 1808 stations in the 
United States. (Plate 34.)—Continued. 


Naat Average date of— Length of 
Station. Altitude. years o£ |__| 8verage 
record. | Last frost | First frost frostless 
in spring. jin autumn.| °°#802- 
North Carolina—Continued: feet. days. 
Lumberton (90)........... 102 15 ‘Apr G6) OCt OL 208 
Mianteor( Ol) tase. t oe sc 12 33 Mar. 22 | Nov. 29 252 
IViarion (89) seeses. cil oe 1,425 17 Apr. 18 | Oct. 25 190 
Mocksville (90)........... 651 10 Aprae Lt | Octianol 203 
Woncure (90) seach cle eles 145 13 Apr. 19] Oct. 17 181 
IMonroen(S9) dene acces «oe 586 15 A Drei OCtnae Ls 174 
Morganton (89).......... 1,135 21 Apr. 18! Oct. 16 181 
Mito Airy, (90)iese eae = cscs 1,048 19 Apr. 20] Oct. 15 178 
Mt. Pleasant (89)......... 650 16 Apr, dlaeOcks 17 189 
Nashvillei(Ql)s 2... 2.08 oa 190 13 Apr: 5 | (Oct. 326 204 
Newbernl(9h)men ... oss: 12 25 Apr) 5 NOV = ov 216 
@Oakridger(QO)ias.. oe. eos 885 12 Apres 10), Oct. 25 196 
Patterson (SO9)icteas se occ 1,200 10 Apr. 19] Oct. 14 178 
(Pittsboro .(90))sc6 .e.cct «5.0 480 17 Apr. 11] Oct. 16 188 
Htaleioh ((9O)iceees ceesie «21. 390 22 Apr. 4] Nov. 38 213 
Ramecuri(GO)pesse ses. oe 442 16 Apr. 16] Oct. 17 184 
Reidsville. (90)ceeastet ss 828 7 Apr. 15 | Oct. 22 190 
Rockingham (90)......... 210 15 Apr SnOctme ol 206 
(Roxboro: (90)iacrees se = 1 sui 600 10 Apr. 10} Oct. 24 197 
Salemmn(90) ee aan dei: 2.52% 1,000 15 Apris2t) |. Octae 17 179 
Salisburys (89) Gee oes <5 760 23 Apr. 9] Oct. 21 195 
AXON IO) schpis oo clete > ster 900 16 Anrs | 16 OctamelG 183 
Selmaa(GOVoeewtane ate wicks 225 17 Apr) 3 | Nove 1 212 
Bottlen(S9)iccntee = see s00- 700 13 Apr. 18 | Oct. 22 187 
Sloans(QO cyclers «.cto's: «sie 50 15 Areal O Vann 210 
Soapstone Mountain (H).. SO0r S. |Rx. Seo: Apr Lia Ochoml 4 183 
Southern Pines (90)....... 519 18 ADIs ud) Oct sO 206 
POUtHpOrt (S9)is ew ocr ++ avers 18 29 Mar. 29 | Nov. 14 228 
Statesville (91)........... 950 22 May 1 | Oct. 18 170 
Parborox(O]) Nee sc se'.6 om 50 23 Apr Lis|-Octass 25: 197 
Washington (91).....<..<.0. 25 13 Apr. 4|WNov. 4 214 
Waynesville (H).......... Dr DOr | elite ave Parte ot Apr. 20:| Oct. 10 173 
Wel comN(9 ines <i ©: «0: 81 36 Apr. 12] Oct. 24 195 
Wilmington (90).......... 78 38 Mar. 27 | Nov. 15 233 
North Dakota: 

Ammemia(S2)ic enc cisete 6 +: cile/e 954 aS May 18 | Sept. 18 123 
PASI) Oryai(eh22) iced apenn vohete, 0,0 2,001 14 May 25 | Sept. 10 108 
MST lite GCE) srexetete o} <a olans «aos Le4700) Senco cbtete xs June 2 | Sept. 12 102 
Bismarcie(o 1 )eacos ae. «cies 1,674 34 May 11 | Sept. 17 129 
Church’s Ferry (H)....... DF A58e Sellers seated June 1 | Sept. 16 107 
Coal Harbor (31).....-..- 1,901 13 May 20 | Sept. 12 115 
Devil’s Lake (82)......... 1,482 4 May 27 | Sept. 25 121 
Mrekinson(Sl)aererrieceees 2,543 17 May 23 | Sept. 9 109 
Hlormans(32)envescmxe- « - or 1,249 17 May 21 | Sept. 16 118 
iments Senet (CMD), ego aeoee 2,576 17 May 20 | Sept. 19 122 
Mullsaren (GPaso eoeoeeee 6 1,439 11 May 17 | Sept. 16 122 
Grattonn32)eace os tee oaks 827 17 May 21 | Sept. 13 115 
Jamestown (32).......++-- 1,390 17 May 30 | Sept. 15 108 
McKinney (31)........<-- 1,640 15 May 29 | Aug. 31 94 
Vixltoms CEL): pate pines: steels UA Wowpers orc May 29 | Sept. 12 106 
1,955 ia May 26 | Sept. 6 103 

Napoleon (32).........+++: ; 
OnlGhe (Gi psccosposeos 2,400 15 May 24 | Sept. 21 120 
Pamsbine (G2) Gea fe ono 789 11 June 1| Sept. 15| 106 
vee ra 15 May 28 | Sept. 13] 108 


Portala(Sih) a. cece steel susie 
Power (G2) cass oles «re 
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Taste 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


alae Average date of— Length of 

Y : : average 

Station. Altitude. years of frostless 

record. | Last frost | First frost Seana 

in spring. jin autumn. ; 

North Dakota—Continued: feet. days. 
Winiversity, ($2)ia.,c0me- es 830 17 May 20 | Sept. 14 ines 
Wahpeton CH) seniecnls oie O62 Fy ia Sn eee oe May 8] Sept. 15 130 
Wallistom (Giri stare tee 1,872 30 May 18 | Sept. 14 119 
Willow City) (81) )e-neeiae ee 1,471 ‘v4 May 30 | Sept. 11 104 
Ohio: 

Akron ( 69) serait teicier cles 1,081 18 Apr, - 27 1) Octse 9 165 
Bangorville (72).......... 1,380 22 May 6 | Oct. 3 150 
Bellefontaine (70)........- 1,276 15 Apr. 28 | Oct. 7 162 
Bowling Green (69)....... 670 17 May 10 | Oct. 2 145 
Bucyruas(G9) eee 1,000 15 May 9 | Oct. 3 147 
Cambridge (72) 7.5. .<c6 cs 803 16 May 5 | Sept. 28 146 
Camp Dennison (70)...... 570 16 Apra 25 | Octa> 42 169 
Canal: Dover (72) c.20-.s 884 15 May 8 | Oct. 2 147 
Gantow(69) peeriscrrerse cers 1,065 18 Apr. 27 | Oct. 5 161 
Cincinna ts (7/0) seen 628 37 Apr. 14] Oct. 25 194 
Circleville ((/D)n.. e-ce ee 694 14 Apr... 28) |- Oct, 75 160 
Clarksville (70)..........- 1,010 16 Apr. 255], Oct-77 165 
Cleveland (69).........-.- 762 38 Apr. 16°} Oct; V3k 198 
Coalton (1) scanner ce 718 14 May 3] Oct. 4 154 
Columbus (71) cise «= 918 31 Apres ©16) ‘Octie 17 184 
Day tone(d0) ester epiemie eer 790 15 Apr. ~27.} Oct: 710 166 
Defiance (69)............. 712 15 May 7 | Sept. 29 145 
Delaware (7 L)araieew« ce 927 13 May 3 | Oct. 3 153 
Demosi(72). insnesaee sno: 1,325 18 May 31! Oct. 10 160 
Hindlay(69) eam eee reer 776 18 May 3 | Oct. 4 154 
Garrettsville (69)......... 1,005 22 May 18 | Sept. 29 134 
Granvalle:(/2)=eeee. seer 960 20 Apr. 30 | Oct. 5 158 
GrauotiGs2) secrete clot 1,000 18 May, “5)) (OctocS 153 
Green (10) cemeccsctercste ses 500 15 Apr. o* 21 ‘Octse” a4 176 
‘Greenfield C21) oc race siak el cass crea misione 12 Apr. ~19) | Oct. ma2 176 
Green Hill (69)........... 1,135 17 May 16 | Sept. 28 131 
Greenville (70)........... 1,060 16 Apr. 30 | Oct. 10 161 
Hedges(69) teenies 725 15 May 13 | Sept. 30 140 
Hilihouse (69) ace oo 997 La May 518)| Oct. s 138 
Hiram (CH) sc seetystetieeiene T2605) Ree eae Apr. 28 | Oct. 14 169 
Hrudsona(GO)iawesteisecs acer 1,153 15 May 8 | Oct. 2 147 
fronton. L)eeei.c te meretcles 575 17 Apr. 21 | Oct.” 42 173 
Jacksonburg (70)......... 975 18 May 2} Oct. 13 164 
Wonton. (iL) cectrccine svete 1,015 16 Mays 20) |sOct..aes 149 
Rall bucka(é2) eee serra 1,087 16 May 2 | Oct. 1 152 
Mancaster (Ll) escent 898 14 Apr. 24] Oct. 3 162 
Marietta (72) ae. e eee ee 627 25 Apr. 18 | Oct. 20 185 
Miarignn(l aencnts cine cen 980 17 May 7 | Oct. 1 147 
McConnellsville (72)...... 710 24 Apr. 29 | Oct. 8 162 
IMiedinan(G9)mcnncsmen ne eee 944 15 May 9] Oct. 6 150 
Milfordton (U2) erneeron eee 1,200 16 May 6 | Sept. 30 147 
IMs Baa? 2) rereersiatererettstetete 875 15 May 9 | Sept. 28 142 
Miallport (G2) seemenreeiecn 1,145 16 May 9 | Oct. 3 147 
Montpelier (69)..,........ 880 17 May 2 | Sept. 30 151 
Napoleon (69)............ 680 21 May 4] Oct. 5 154 
New Alexandria (72)...... 1,050 24 May 2] Oct. 5 156 
New Waterford (69)....... 1,053 14 May 9") Oct] 1 145 
North Lewisburg (71)..... 1,095 21 May 4] Oct. 8 157 
North Royalton (69)...... 1,000 17 May 2 | Oct. 11 162 
Norwalks(G9) eres stents 719 16 May 10] Oct. 5 148 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


No. of Average date of— Length of 
Station. Altitude. years of oe 
record. | Last frost | First frost | 70588 


in spring. |in autumn.| °%°25°2- 
Ohio—Continued: ; feet. days. 
@berlins (69) rene ns 855 17 May 7 | Oct. a 153 
Orangeville (69).......... 945 19) May 17 | Sept. 30 136 
Ottawa (GO) sess: sees ous 720 16 May 1) Oct. 3 155 
Pataskala (71)...........- 1,050 16 May 1] Oct. 3 155 
Biattsbure3(710) a. cise « 1,130 16 May 3 | Sept. 30 150 
Bomeroy, (71) ites ccs es 590 16 dose, PRL Oyen, 7 169 
Portsmouth (71).........-. 527 19 Apr. 20] Oct. 14 177 
Rocky Ridge (69)......... 590 15 May 6 | Oct. 6 153 
Sandusky, (69)meec acl « ces 629 32 Apr. 14] Oct. 26 195 
Shenandoah (69).......... 1,100 17 May 9'| Oct. 3 147 
rove haven (CAI) x Se ORO Ne 985 14 May 3] Oct. 4 154 
ethurmiane Gs Lines «cies. sic.o 696 16 Apr. 235) Oct... 7 167 
BUTT (GO) ie aie etctars) oe ace dsers 775 22 May 5 | Oct. 3 151 
eRoledo: (69) penises sidiere cis 769 38 Apr. 24] Oct. 15 174 
Upper Sandusky (69)...... 854 18 May 4] Oct. 4 153 
(O18 or nat WA) lee acest terete 1,031 13 Apres Oct: 2 158 
vitckery- (69) 2 seh .cis'e sjee eave 588 17 May 9 | Oct. 5 149 
WWWiarrenn(69) secre. fate sie, o's - 900 16 May 12 | Oct. 2 143 
Wauseon: (69) nae <6 se ccics 780 40 May 12 | Sept. 27 138 
iWisverly (7 Lysceecetsia«sc5 590 iy ADE 29.) Oct-52 162 
Waynesville (70).......... 700 13 May 97 | Oct: 94 150 
Wellington (69).........-. 856 15 May 9 | Oct. 7 151 
DWiOOStEE (G9) iretaiole. cis sale 1,030 24 May 7 | Oct. 3 149 
Oklahoma: 
IAT AD AHO] )ecricie cre s.ctete 1,500 (A) 15 Aprael te eOctamee 193 
sree (Gu Bien = omens f Oe 2,500 (A) ih Apr. 22] Oct. 18 179 
lao (AO) saerciele 6 < erz)|'s sis eres aneieiens i Apr. 15 | Oct. 21 189 
Whancdlers(40 ey secs Sis co eta alle oo ee teenssess 7 Apra 2) | Octwr22 203 
WhickashanAM) Ge ao celeste cle ced etoelers:s 6 Apr. 1} Oct. 31 213 
GTQ UCHOMIGRCAT Wrens vin sedis & eeteleavt eve ai Apr. 17 | Oct. 25 191 
acon ants Ly etemes. sie caieisia |e © 6.6 Slee sis sins 11 Apr. 13] Oct. 29 199 
HO irene baa O) ets eset a1 « isis ote s sreclan<\e) «6 i Mar. 23 | Nov. 12 234 
PE TLCla (ila tees tees we oases cieicesdiie. « evinces 8 Apr. 2 | Oct. 24 205 
iairlamds (40 )eret eres steels |e c+. suelo ad ciniel 8 Apr. 16 | Oct. 24 191 
PIG GPELOMO: (4 E) tec se eue silt ei ia, aie cereus cei ao 16 Apr ts iOct.. 29) 201 
ort oulln(4l) eeenins 2 oes siete 1,200 (H) 17 Apr.a sl. NOV. 214 
Gerba e RCL) eeereca rc) cserare > wives] pl eerste e alan e ats 15 Mar. 28 | Oct. 29 215 
PPierine tor 4h)c tens sleleseihs ard ole 20) e's exear 4 Apr; 23 | Oct. 25 185 
elartsHorne (40) emis ctentsi|'s elorssu gael 9 Apr | l) | Novale 0: 219 
iHealdtom (40) 22. acess >> 0 900 (H) 16 Apr. 6 | Oct. 29 206 
fElienmessys (40) sees sleie g stees ci|ls-ous ie sv eyesel'e © oe 13 Apr. 6] Oct. 30 207 
laigactes (CAO. itomdoes ao) |ooe mis Go dor 6 Apr. 19 | Oct. 23 187 
ifoldenville (40)e cee cae relists oe ees ais 6 8 Mar. 25 | Nov. 5 225 
wefterson (41 )it sc. see... sie 1,062 (A) 11 Apr. 13 | Oct. 28 198 
ikem (Cao oosuunsoen cod beaeeooUUuDE 9 Apr. 28 | Oct. 12 167 
Kingfisher (41)........... 1,046 (H) 13 Apr. 6] Oct. 25 202 
Hrelntg hy (CED) tecrcisciezye ~ =1s"6 FAO Nea a MU ce, BCR Apr. 41] Oct. 21 200 
Mangum (41)... 2. oe 1,585 (H) 17 Mar. 30] Nov. 1 216 
IN PMO (CO) ie, Gra oes Bol ocn aopbiedoo 6 8 Mar. 30 | Nov. 3 218 
MiNiga Gee Oeccnceauo on lone acouSecas (f Mar. 17 | Nov. 8 236 
MoCo (C0) Adnncoe as conlareee oqo enc 16 Apr. 6] Oct. 24 201 
Mga ee (CD) ocenoo sea ood|omcon od once 15 Apr. 7 | Oct. 20 196 
Masco ree) (AO) incr relec.ciststtrellic lors sie sreisiels«) 10 Mar. 30| Nov. 2 217 
NG CW) Hsocehocesbolonacumecmaad I Apr. 10] Oct. 24 197 
Iniesaanihe, (CHD) S sos ocean. Pallodnto cacao 15 Apr. 41] Oct. 29 208 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 

Not of Average date of— pent ei 
Station. Altitude. | yearsof [|__| frostless 
record. | Last frost | First frost ES, 
in spring. jin autumn. ¥ 
Oklahoma—Continued: feet. days 
Oklahoma (41)............ 1,196 (H) 18 Apr. 2]|Nov. 2 214 
Paulsavalloya(4L) eerie keller eciecintrie 8 Apr. 11 | Oct. 20 192 
Pawhuska (40) aetecteteretecierelliot-stelclerciore eee 10 Apr. 13 | Oct. 26 196 
Perty(41) os cmicveiere wets ie oll eo pie = easyer ons, > 10 Apr. 9] Oct. 30 204 
EEN Oyecaoncanpadge Obllc oncde ou soor 6 Apr. 4] Nov. 8 218 
Sac and Fox Agency (40)..]............ 13 Aprs -4)|/\Oct. 22! 200 
Shawnee: (40) sence sacesiees ore os eertereehees oie 7 Apr. 2] Oct. 29 210 
Stillwater (40)...........- 880 (H) 15 Apr. 10 | Oct. 23 196 
‘Temple (C41) Sraseasiasiecs ote | eee anon 6 Apr. 11 | Oct. 30 202 
Wavoner:(40) ie ecmetsries celina nena ere 12 Apr. 10 | Oct. 30 203 
iW atikomiis (41) eeetrctetetc rere fianetteereenerere ote 12 Apr. 8} Oct. 30 205 
Weathertord (41) iescisstecll eeu eermeincts 8 Apr: 13 | Oct30 200 
Webber's Halle: (4O)incactter lam oe eens 8 Apr. 8 | Oct. 28 203 
Oregon: 
/Nioehy AED) soopudenconoce D247 itso nee s Mar. 27 | Nov. 4 222 
Ashland (7) isycccss 6 eters er sree 1,940 20 Apr: 20°) Oct. 14 Tbe 
ASGOTIa CLC) istalery= oi sterssereise 11 22 Mar. 6] Dec. 2 271 
Baker Cityas(Ls) eects citer 3,471 20 May 24 | Sept. 28 127 
Bandon (a) peceten serie Die > Bh ancseuaregeueteowe Mar. 10]! Nov. 25 260 
Bend Oinescuestnseearres 40000. tl .os sotto Possible throughout year. 
Beulah; G'S) erence certs 3,269 16 June 27 | Aug. 29 63 
Blalock iGis) i aaaercaicscrs rns 237 10 Mar. 23.| Nov. 2 224 
Buckhorn Farm (17)...... 1,300 11 May 1 | Oct. 16 168 
jehunso(Gley cooaoudcadoous 4,157 16 June 25 | Aug. 26 62 
Canyon City (8). .2.....- 3,000 5 May 19 | Oct. 6 140 
Cascade Locks (17)....... 100 18 Apr. 1 | Nov. 13 226 
ConcdoniS) sae eee ee 2,891 5 June 9] Sept. 14 97 
Day villes@l'S) emai e 2,500 14 May 18 |} Sept. 20 125 
DWetrorbsChd) steacie c= craters 1,500 5 May 4 | Sept. 21 140 
Doravalles(L7)eeyecrmeeresess 600 Gi Apr. 13 | Nev.) 4 205 
rain (LT )isie tents paewdate ae 300 6 Apr. 27 | Sept. 26 152 
Fort Klamath (27)... ..6 A. ZOOM ee | Sesckseee ter Possible throughout year. 
Gardimeri(L7)a.mecccee aoe 72 19 Mar. 27] Dee. 8 256 
Glenora; Gi7)sseeeeee cee 575 La May 10] Oct. 11 154 
Grants leases: Cie) cee 956 20 May 6] Oct. 12 159 
Happy Valley (18)........ 4,200 10 Possible throughout year. 
Heppmers(S) ec. sites sen 1,950 10 May 61} Sept. 29 146 
Josephs(l8)s sang siecle 4,400 19 June 15 | Sept. 7 84 
Klamath Falls (17)........ AN 2D eee | secrete Possible throughout year. 
LaGrande (18)............ 2,784 19 May 20] Sept. 22 | 125 
Lakeview (18)............ 4,825 25 Possible throughout year. 
one Rock GH)ima. nese Sj) A Ae lar ea ete June 23 | Sept. 16 85 
McKenzie Bridge (17)..... 1,400 a June 1 | Sept. 12 103 
Monroe \(l7) eee 350 12 Apr Onl eNOveel 196 
Newport (7) aeeenceeme eek 69 18 Mar. 19 | Dec. 22 278 
Baisley (8) saierenisieisicee ie 4,500 5 May 25 | Sept. 24 122 
Pendleton (18)............ 1,272 18 May 8 | Oct. 5 150 
Pompei (ees cen nee 3,879 14 All month s. 
Portlands(l@)jecemes wees 57 37 Mar. 16 | Nov. 16 245 
Port Orfords(l7)n enn 300 4 Very infre quent. 
Prineville(iS) mane oe 2,860 12 June 8/ Aug. 21 74 
Riversider(18)joren tere 3,000 12 June 26 | Aug. 30 65 
ROseburgy cla) eee 510 18 Apr. 15 | Oct. 30 198 
Salem Gui)\sekaeee con oe 120 16 Apr. 10] Nov. 2 205 
Silver Laker(L a) mecca AT OOR Y | Sentero te All month s. 
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TaBLE 2.—Frost data and length of average frostless season for 1808 stations in the 


United States. (Plate 34.)—Continued. 
ee et eA RE EERO R Re oe LPR area 


Na. of Average date of— Length of 

Station. Altitude. years of |——————~-—_——__|_ 2VTage 
record. | Last frost | First frost frostless 

in spring {in autumn.| 5°#5°- 

Oregon—Continued: feet. days. 
Sparta (US), epee arteries oie 4,150 13 May 13 | Sept. 28 138 
The Dalles (17). 0-22 .-2< 112 19 Apr. 10] Nov. 5 209 
iimatatlan(tS) see Gees woe 340 iG Apra  l41Octr @22 191 
WEIGH GIES) Sle Sue Rete ren 3,047 17 May 30] Sept. 9 102 
Warmspring (17)......... 1,600 a May 24} Sept. 25 124 
BVMeston (LS) A.micte derefe = o< wus 1,800 19 May 13 | Sept. 24 134 

Pennsylvania: 

FATSDDO (OG) ences es eles os,5 Dy kdOw tea crercrtens May 9] Oct. vf 151 
Bm porsiuni (9. d)ie = ser =e ie EF OBO Be | esteto cronsce tone May 11 (Oct. 47, 149 
ISTO (OG) meters e cia eiccers ce 5:6 CAS En ORE spotaratreet Apr. 20 | Oct. 31 194 
Verret) (Od,)-setec.slersieters a sas ES OSO PME secsarctecerscs May 5 |} Oct. 8 156 
Pranklme@yenango Co.) (OG)ily. a scioctkin ss |e es 26 oc <0 May 17 | Oct. 11 147 
Harrisburg (97).0.. cc... SOLS am |e errs nee: Apres LOnEOctass23 196 
Puntingdom! (EL), < scs. «ss MOO Oe leer cvehercet May 11] Oct. 15 167 
ISD ANON e CED) Meats, oh eVeiexers e's, AD Sia wil\icracavete cree Draco! |e OCtame2D: 183 
GROVE (Gdn canet: eta. > ei 5x0 14.00) CE) | eer eee May 6 | Oct. 7 154 
Mauch Chunk (98)....... Got Me. Po May +3 | Oct. 11 161 
Philadelphia (98)......... TAUTAD tilecsecmnieee Apr. 8] Oct. 31 206 
th psburge(9G6)iacec sare + sors ro he a ieee eae Apr. 22 | Oct. 18 179 
Quakertown (H).......... HBO Pale ocscenteeio ce Apr. 20] Oct. 20 183 
Saegerstown (H).......... gD AG Se I Aer ee May 14 | Sept. 24 133 
BeramconnOd memes sonics = |lseu.c ca ctacicas |e nale sermeas Apr. 20] Oct. 13 176 
Selinsgrove (H)........... ABR lees ssteemiek May 8 | Oct. 1 146 
Bouth Haton CH) <2 2.2... - GGOR Ailecaccmre ce Apr. 22 | Sept. 28 159 
State College (97)......... OU | ewtcce sree ege May 9 | Oct. 2 146 
Westchester (H).......... 460 enh 3 Ss eabieeee BH Ox Ode 186 
Witavd (08 BYE 22.8 2a eon SOOa | rinse cukbeycke Apr. 25 | Oct. 1 159 
Rhode Island: 
Block Island (105)........ 26 21 Anireen 12) sINovaed6 218 
RGN SCOT CEL) acctersis sities «0 6 OOO a late nc eee Apr. 26 | Oct. 17 174 
Narragansett (H)......... Soy leteee oper Apr. 20] Nov. 11 205 
Providence (105).......... 182 24 Apr, 15 | Oct. 22 190 

South Carolina: 

, PA WETS (eset erste c.ctte © tusks 565 18 Mar. 11 | Nov. 18 252 
PALO LG NCSO) eiclers.cp overs sae; 186 15 Mar. 24] Nov. 20 241 
Batesburge(S/)it s << =o = 656 13 Mar. 24 | Nov. 2 223 
BGAULOLt (SS) scien cccet-« o0\0 20 20 Mar. 9] Nov. 23 259 
Blaclicville: (88)oc<.c cc. ci 296 18 Mar. 19 | Nov. 16 242 
Charleston (88). 0.0366. 48 38 Mar. 1 || Dec. 2 276 
Gera wal SS) eereesc.e:reie 25 1 144 20 Apri b| Nove: 210 
Clemson College (87)...... 850 13 Apr, 6 | Octzas al 209 
Golumbian(87)icde siete l/s! 5 351 22 Mar. 22} Nov. 8 231 
Conway (88) scses« © ols 3.0%s0 25 10 Mar. 26 | Nov. 13 232 
Hlorences(S8) ctijeiesipe0 el ef 136 18 Mar.) ol |) Nova o7 221 
Georgetown (88).......... 12 14 Mar. 19 | Nov. 13 239 
Greenvalle (87) ac << sels. os 989 14 INosey $y I Dona) FE 213 
Greenwood (86).......... 671 20 Mar. 22] Nov. 4 227 
INewberry: (87): .acaeterel<te 502 13 Apr, 11) | (Oct. 31 203 
Shahn O lees an aniemeuooe 512 15 Apr. 3. | Oct. 9.26 206 
Societys Hull (janet orale LODE ea nspekhaess Mar. 18 | Nov. 15 242 
Spartanburg (87)........- 875 14 Mar. 381 | Nov. 6 220 
Stateburgs(SS) em. ses one 500 27 Apr: 2.) Nov. . 9 OPA 
Summerville (88)......... 75 10 Mar. 20 | Nov. 17 242 
athisauenl (CYP) ssanadecocuad 620 15 Mar. 24 | Nov. 12 233 


ANSE GI eon seer epee 85 20 Apr. 4]Nov. 4 215 


188 ENVIRONMENTAL CONDITIONS. 


TapLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


No. of Average date of— | Length of 
Stating: Altitude: | -yearsiof A=] eed en 


record. Last frost | First frost 


in spring. jin autumn. pais 

South Carolina—Continued: feet. days. 
Walhalla (86)i2..--+-- => 1,061 14 ADE. ns | NOV. mek 207 
Winthrop College (87)..... 690 9 Mar. 28} Nov. 5 222 
: Nngeegee (SS) Pitas ce cearceoves 22 16. Mar. 25 | Nov. 11 231 

out. akota: 
Aberdeen (64).......--<:- 1,300 18 May 21 | Sept. 18 120 
Academy (G2) custo dood joob upon ch coe 10 May 65 | Sept. 28 146 
Alexandria’ (64) ssise <icle-latme 1,352 20 May 15 | Sept. 24 132 
(Ashcrott (33) evccess ste 3,192 16 May 24 | Sept. 14 113 
Bowdle (84) Masten teres tote 1,995 14 May 20 | Sept. 23 126 
Brookings (34).........-- 1,636 19 May 22 | Sept. 18 119 
Cherry, Creel CH) rere eiretor| (sits) stele) tate le ielell «el eistert= te May 25 | Sept. 20 118 
(Qld (EY a cnare mo mea collouL aosacood 13 May 25 | Sept. 24 122 
Fort Meade (33).......... 3,624 24 May 7 | Sept. 23 139 
Gary. (OD) eer ose seis oe 1,484 12 May 19] Sept. 25 128 
Greenwood (SAH gakieye ve lel earl nate toretene 14 Apr. 27 | Oct. 1 157 
Highmore (SAAS eee nee 1,890 13 May 16 | Sept. 24 131 
HH OtGH City iC) See ctrcrcencteliecstaloner stenaietele1 <|| i crese renee eaters May 16 | Sept. 20 127 
Huroni(34) aeceesetele acters 1,306 27 May 12 | Sept. 20 131 
Kennebec (SAP ahareenoetene 1,689 16 May 13 | Sept. 25 135 
Kimball CH) Pee ratte oneres 1; 788% Ja cwceleerecs May 6] Sept. 27 144 
ma oe buat ton taoetetor or Sie Navotcrs-eor et materace 10 May 18 | Sept. 21 126 
+. @ Wagle (83) ic. cesar: state | seaiet see tee ears 7 May 25 | Sept. 22 120 
enno (SA) Res atte veins L325 12 May 18 | Sept. 25 130 
Milbank (34) eters. os etree 1,148 17 May 14 |} Sept. 23 132 
meer (63) Pryce 3,339 18 May 10 | Sept. 23 136 
a ee) Seascale a oat 1,572 17 Apr. 30 | Sept. 30 153 
Aas ee ($3) eee es 3,251 21 May 6 | Sept. 26 143 
= is i Seis or ies 1s 205 ae || <csro eee ere May 21 | Sept. 18 120 
ead 2 x Ree ce ieee 2,600 14 May 10 | Sept. 25 138 
aN fe aCe 1,400 18 May 12] Sept. 19 130 
ee ; S ) Se atetisavee os 3,647 18 May 9] Sept. 27 141 
ee ( o POM ae eee LA 1S wl srstetnerre ee May 6 | Sept. 23 140 
Be Soca (BA) RSS eee cee 1,234 33 Mayue -2 liOcteren 3 154 
Benton (78) sossesseeioceee 880 15 Apr. 17] Oct. 19 185 
ine: ue ps Se Ee 450 14 Apres 2) Oct... 28 209 
ne Gina ee oe L026 [asesseese Apr. -11)) Oct-25 20 192 
aire a Soeeccwon 500 13 Apr. 7] Oct. 24 200 
nooga (ZB) pecans 808 30 Apr. 2] Oct. 26 207 
pees CCD isc ase. oan 520 15 Apr. 105) ‘Oct 28 201 
Fic ce ne fe ; wig edhe, feet ; 850 13 Apr. 17 | Oct. 23 189 
Fea uat7s) at See ae ee A Soren Apr: 22. | Octs “21 182 
rae cry A ea 12 Aprsa: 217 Octal & 177 
Mt Maem ihe 05.0 : 60 10 Apr. 10 | Oct. 21 194 
Hohenwald (77).......... "083 ia ree 19 ae * ie 
Fea hier ie aa : ct. 173 
Tehnsonivillo (716 Gate a aed sf) | pedo Oeeeand ee 
Knoxville (78)....-....... 977 338 | Apr. 3 | Oct. 

Lynnville (77)......40-+06 770 TO106 | heist hoe Meter ita G: 
Memphis (77)........ 409 38 Mar ep tele 
Monee ce eyerere ar. 21 | Oct. 31 224 
aera aw (78) cmcceee ae a a = se 15 170 
Ne Or Lee pr. et. = 26 207 
Rails oe) cee ee 1 2805 \acrrcereeien Apr. 12 | Oct. 30 201 
ise eee tee 1,150 16 Apr. 17 | Oct. 19 185 
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TaBLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


; No. of Average date of— _ | Length of 
Station. Altitude. years of ene. 
record. | Last frost | First frost rostless 
season. 


in spring. jin autumn. 


OO | sl 


Tennessee—Continued: 
Rucbys/8) cee ekce. cccwe 
DAVaNNah(cpdes. see. ee. 
Springdales(7S)ra.<50s cer 
Springville (77) ....-.....< 
pErentonecat) Geen eo. coe 
Mullahoma (77)=.. ones suc 

Texas: 

rAibtlencs(2 aur <4. 5e%. . s-sto 

PAIbaAnvalAs)ieeeees.ccls. ce 

FAMATUING (4D). oaks che 

FAUBEITINCAS Mees + oe. «ke 

Ballmvern(43)eee.. cos os 

Beaumont, (Lee. .« o<s0 see 

BGO VIOGL tt tiecis c.e8%e 2 

Bip Spren gat emer mace. sallisrne visions ware 

Blanco. (45) sees see 

IBOEINEACD come s.c tes ete 

Bonhamn(44)ige- 4.50.2 862 

BO Wie (A?) see Ree waco», sn oe 

Brady. (4a) eters es « <-sei 

Brenham (44)..4....5..5.: 

IBrightonn( Lyme... acres cokes 

Brownsville CL). c acslss ols 2 

Brownwood (43).........- 

GaN CE Oe eagle «cicieltn aise ee 0.8 ce 

@hildresa-(42)i2 5... sw < 

PIBUCOUES) tte. nls o eels 

Claytonville (43) ......... 

@Colemani(Asyirecs «ics. ose 

College Station (44)....... 

Wolorador (43 )ee ck, sale «4 oot 

AC OlUM Da (dae, ctors ons «10 8 

Corpus Christi (1)........ 

Corsicana (44)............ 

(COE Oat GD ie ee ra 

Mall asn(aA) se ntels <ect0.0 010 ot 

Wanevang’ (Les \.caave = aah's 

GIL ROWGL) Qt ocd ene 

MO ubUa(4S ie we iene oi) = 

Magle Pass (Ll) ea iats.c «<< 

LEH IG EY te tO) oe See 

Mainland (43). fos s/s sie 

Bort Clark: (Ges. «cree 

Fort McIntosh (1)........ 

Bort -Ringroldi(l) ca. . <r. 

Fort Worth (43).......- ee 

Fredericksburg (43)....... 

Gainesville (44)..........-- 

Galveston (dl) cai... << sa 

Graham (42)ee. 5 «<i s sis sie 

Greenville (44)........-.-- 

Hale Center (42)......-.--|sseeeeeeeees 

Hallettsville.(1)); : <0... - 

Haskell (42). «ee sere 

Henriettan(4D)ieccic-- <1. cles 
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TasLe 2.—Frost data and length of average frostless season for 1803 stations in the 
United States, (Plate 34.)—Continued. 


Average date of— Length of 
‘ No. of average 
Station. Altitude. | yearsof [|————]|_____| frostless 
record. | Last frost | First frost Spacen 
in spring. jin autumn. P 
Texas—Continued: feet. days. 
HondoiG@itya(@ )eeracetretats 901 7 Mar. 10 | Nov. 19 254 
Eouston' (i) mepeeeeeriecicer 138 17 Feb. 20 | Nov. 25 278 
Huntsville (44)........... 400 ii Mar. 61]! Nov. 19 258 
Iecypryaaene (Ceo oo co aoe 448 10 Mar. 7 | Nov. 16 254 
Kerrvallen() =a t.aiemicle eet 1,650 15 Mar. 24 | Nov. 9 230 
Lampasas (44)...........- 1,026 15 Mar. 24] Nov. 7 228 
Elanon(43) seccetisies eletersss 1,040 14 Mar. 19 | Nov. 17 243 
Longview (44).......-.--- 336 19 Mar. 12 | Nov. 16 249 
ruling (let none sees eae 418 15 Mar. 2/1] Nov. 19 262 
Menardville (43).........- 1,960 13 Apr. 1] Nov. 9 222 
Miami (42) eeeeeerieiscse 2,743 4 Apr. 27 | Oct. 24 180 
Mts Blanco (42) eee s st 2,750 16 Apr, 9 | ‘Oct. ai 205 
Nacogdoches (44)......... 271 11 Mar. 10 | Nov. 12 247 
Nazareth (42) accke osm ces toiteete: tee nerat’ 4 Apr. 25 | Oct. 11 169 
New Braunfels (1)........ 720 19 Mar. 9] Nov. 25 261 
Palestine (44)...........- 510 28 Mar. 13 | Nov. 13 245 
Paris (20) eee 592 18 Mar. 20| Nov. 15| 240 
Port aweacay GL yete ce cterere: 20 9 Feb. 15 | Dec. 7 295 
QuanahiG@2)iecce cee eee 1,563 6 Mar. 26 | Nov. 10 229 
Rhineland (42)aeeue ess a 1,200 12 Apr. 4] Nov. 4 214 
Rockport (L)mecc aces ceters 6 10 Feb. 6 | Dec. 26 323 
SanvAntomlonc))cemeerrect 701 24 Feb. 23 | Nov. 26 276 
San Marcos (43).......... 588 12 Feb. 28 | Nov. 16 261 
San'Saba@3) 22. «.ce oes 1,712 9 Apr. 8} Nov. 5 211 
Seymour (42)i.. 0. ese se 1,180 4 Mar. 28 | Nov. 6 223 
Sherman (44)enveeecet es vee 745 11 Mar. 10 | Nov. 21 256 
Sonorai(43) eee see cee 2,200 tf Apr. 18 | Nov. 2 198 
Sugarlandachyeeaecece cee 79 7 Feb. 21 | Nov. 20 272 
Sulphur Springs (44)...... 530 16 Mar. 19 | Nov. 13 239 
WL aVlOLM4E) hearer eteriteiete 583 15 Mar. 13 | Nov. 22 254 
MemplexAs neem comets 630 18 Mar. 14 | Nov. 15 246 
Mexline (42) cemtncs cuss eters 4,694 5 Apr. £29) | Oct. 17 171 
Bulia (AQ) erecmaroeie mateecete 3,501 11 ‘Apre) 1) | Oct. 726 194 
Mictoria, (1) eee mene 187 9 Feb. 20 | Dec. 10 293 
Waco: (44) oo oes. iceinen 424 19 Mar. 10] Nov. 15 250 
Waxahachie (44).......... 556 12 Mar. 26°] Noy. 11 230 
Weatherford (43)......... 864 15 Mar. 22 | Nov. 13 236 
Utah: 
Ameths(LO)srremem mete cere 4,800 8 Apr. 20 | Sept. 25 158 
Castle Dale(0) nee. nce: 5,500 10 June 2 | Sept. 17 107 
Gormnen Gil) erie ree 4,240 12 May 16 | Oct. 4 141 
IMincinta GO soos on ceancseos 6, 260 8 June 5 | Sept. 24 111 
Harmingbom (ll) eens 4,267 9 May 15 | Sept. 24 132 
Elmore CEL) eactetraceeee er 5 100: © Seen May 16 | Sept. 20 127 
Fort Duchesne (10)....... 5,000 21 May 15 | Sept. 22 130 
Government Creek (11).... 5,277 9 May 24 | Sept. 30 129 
Grayson (10) Saghaslceeerern ters 5,750 uf May 27 | Sept. 26 122 
Green River (10)......... 4,080 10 Apr. 27 | Sept. 22 148 
Heber (TO) certo eerie tree 5,606 16 June 14 | Sept. 2 80 
EEL COHCLO) cerepetee heh eae ate 3,000 YE Apr. 11 | Oct. 28 200 
Wana byGlO)ecreeme mera 4,925 3 May 22 | Oct. 8 139 
Keltont(hl)taeccce cc 4,230 32 May 5 | Oct. 4 152 
evans l) wesc 5,010 9 May 17 | Oct. 4 140 
Loa CH) ie acta cio ene Cs OOO s wae eer June 2 | Aug. 13 a2 
Dogan) (i) vere cme 4,507 19 May 10 } Oct 8 151 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


Nacot Average date of— Length of 


Station. Altitudes: '| ‘years of | ———_— ak Bee 

record. Last frost | First frost | “708e-©S§ 
. . : season. 
1m spring. jin autumn. 


Utah—Continued: feet. 
Mian tis Gl) er ere cere 5,575 
Marvsvale, (ti) es. c00. << a 6,180 
MoabiG Oars tec ctks.ceee 4,000 
Modensn(li)ieae acess ee 5,479 
MpdentCll)maacscc tts c cee 4,310 
IPArOWADUCL Dine siece arts os 5,970 
IPPOVOUG I) Keeeto o es ook es 4,532 
Rich feldtCl)) see stevorc ot coe 5,350 
StaGeorga(ll) sees: acess 2,880 
Salt Lake City (11)....... 4,366 
Snovgalle (Eee... so. se. 4 SOO Waele: 
Wernali(n) (LO) .c. se. nos 5,050 

Vermont: 

Burlington (L05)s ses... «x. 404 
Cornwalli(105)0.... 2.8.0. 507 (H) 
Enosbury Falls (105)...... 601 
Jacksonville (105)......... 1,000 
Northfield (105)......... 4 876 
St. Johnsbury (105)....... 711 (AH) 
RVictISUCLOS is Memtere-c.he, 2 oe 750 
Woodstock (105).......... 700 
Virginia: 
Alexandria (G4) % civics: ole.cte 50 
ERE VODIAN (OS erste sveieie sy tue 350 
PASAT (OD)iecetcue< statele os = 221 
Barboursville (93)......... 550 
Bedford City (92)......... 947 
Big Stone Gap (74)....... 1,540 
Blacksburg (92)... .06:+.s. « 2,170 
BomeAnn(O3)eceecccin. sat 130 
IBYIStOU(TA) ooo Perel +o thet odie 1,676 
Burkes Garden (74)....... 3,250 
@allaville: (92) occas vee%ices 250 
Charlottesville (93)....... 800 
Wolumpr1a(93) iw. ..ele sss: 206 
Dale Enterprise (93)...... 1,350 
DOE WwelI (OS \ierstatevere 2 050) ochre 134 
Parmivalle (92) s....-...:.- 316 
Fortress Monroe (92)...... 8 
Fredericksburg (93)....... 125 
Hampton: (92)\ace ns ctei0 x6 <1 5 
Hot Springs (93).......... 2,195 
eximetonm (93) fad. 2 i..<% = 1,060 
EIN Col (OA) ae cas are ghee vei'e roi 500 
Mynchburg (93)!)..3. 6. <> + 685 
Marion |(74)iae oa cs 2 sexes) os 2,224 
Max Meadows (74)....... 2,028 
Newport News (92)....... 55 
Nokesville (94)........... 350 
Nor Olcs(O2) erene eerste ote aie 91 
Petersburg (93)..........- 60 
Quantico (93) iweac-1. sis) « 16 
IRtehmaornd).(93)ias revels «= exe 144 
Roanoke (92). .5 0.0... 005 907 


Rocky Mount (92)........ 1,150 
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Tapie 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


NE ot Average date of— Length of 
: 3c average 
Station. Altitude. years of ranntlens 
record. Last frost | First frost aeaaans 
in spring. jin autumn. 5 
Virginia—Continusd: feet. days. 
Salen (92) ie eles eeeuele eae 1,000 9 Apr. 10] Oct. 17 190 
Saxe (92) cracks ener clen = 350 8 Apr. - 141) Octy 325 190 
Shenandoah (93)......---- 937 3 Apr. (29)| Oct. = 9 163 
Spottsville (92)........--- 15 17 Apr. 17 | Oct. 16 182 
Stanardsville (93)......-.- 670 12 Apr -12,| Oct 525 196 
Staunton (93)...-.-.----- 1,380 17 Apr. 25 | Oct. 12 170 
Stephens City (94)......-- 710 14 Apr. 21] Oct. 14 176 
Sunbeam (92) -..-...-l.- = 60 6 Apr El. Oct mot 203 
Warsaw (93).....+--++---- 200 16 Apr, 215° | Oct 22 190 
Wrest iprooks (Ga) uci cre cle serene eee 4 Apr: 15 | Oct. | 20 188 
Williamsburg (93).......-- 74 8 Apr: 9 | Oct.) 26 200 
Woodstock (94)........--- 927 11 Apr. 22 | Oct. ~ 168 
Wytheville (74)........... 2,293 15 Apr. 18} Oct. 10 175 
Washington: 
Aberdeen’(19)ijsriase ei 162 (H) 10 Iie wHP NOTA Py 178 
Bellingham (9) pacmiec sci) eeeeree 10 Apr. 22 | Oct: 21 182 
Gentralian lO yerremietistettrct 212 (H) 9 May 6/1] Oct. 14 161 
Clearwater: (19) ids crimsrsiis cle eens oetneie ele 9 Apr. 27 | Nov 6 194 
@le Elum) (20)ic2 <n oe cares 1,930 9 June 9] Sept. 7 90 
Colfaxd(20)teeicsricrerecrt 2,300 13 May 25 | Sept. 10 108 
Golvillen(20)pacise piece 1,635 9 June 5] Sept. 7 94 
Conconully (20).........- 2,300 9 May 18 | Sept. 21 126 
Goupevalley(19) Rasctaes's)- ccs oste oe eeeitiee 9 Apr. 9 | Nov 8 213 
@rescenti(20)aeceeriseee ee 2,250 9 May 23 | Sept. 22 122 
Ellensburg (20)........... 1,571 15 May 23 | Sept. 21 121 
Kennewick (20).........-- 367 7 Apra. 28 Oct.1e Lo 170 
Tian Centers (19) en savant iste eae aici ere 10 Apr. 20] Oct. 25 188 
Lakeside: (20)e.s. cites snes 1,116 16 Apr. 10} Oct. 19 192 
Tester (19) accesses oie Stas ceiere eter 5 May 18 | Sept. 13 118 
Idk P.D) anos aawmen aude oo 600 16 Apre 250) O¢te 618 178 
Mioxee:(20) io jars seroele ener 1,000 16 May 23 | Sept. 21 121 
INorthy Headu(1O) cs cecrce lee ctee eine 6 Feb. 91] Dec. 22 316 
Olea nGlO) ici cnactreekee cores 50 (H) 10 Mar. 27 | Nov. 21 239 
Olympia (19) ese 3 ee 17 (A) 10 Apr. 28 | Nov. 2 188 
PomerovaCED)maseerien ote 1550059 ilocos Apr. 26 | Sept. 28 155 
Republic (20). ........... 2,628 8 June 15 | Sept. 3 80 
IME (CLS eS accadaun ae 2,425 9 June 1 | Sept. 14 105 
Seattle (9) ie accsaereiee eisai 46 (H) 18 May 21 | Nov. 22 246 
SheVolaosenbls} VW ((EDio cae cagooes 1 OE leer eee Apras 218|(Octan 2 183 
Snoqualmie: Pallsi(l9)is creer 8 May 91] Oct. 24 168 
Spokanex(20)inaece see ene 1,943 28 Mar. 26 | Oct. 14 202 
Sunnyside s(20)eeene ee 740 9 May 7 | Oct. 8 154 
Ratoosh (EL) arnmitenien eee BG. 5 liveetemtersee Mar. 18] Dee. 9 271 
Unions Citys (LO) semen steal eee eee 8 Apr. 227 | Octen 27 183 
Walla Walla (20)......... 1,000 23 Apr. 1 eNoveanns 216 
Waterville (20)........... 2,624 16 May 31 | Sept. 20 112 
Wenatchee (n) (20)....... LF 169. \ Mirae: Apr. 30 | Oct. 21 174 
Wiilburs (20) saeret ces teecroree 2,203 9 June 23 | Sept. 6 75 
ZATIAEG (20) eedeneeracee eae 715 7 Apr. 14] Oct. 29 198 
West Virginia: 
Ben shhunecdo)aeeweeccee 622 8 Apr. 24 | Oct. 16 175 
Buckhannon (73)......... 1,472 16 ADK e2t | _Oot. 6 162 
Burlington (94))..........- S75 oe ie eae May 7 | Oct 2 148 
Central Station (73)....... 953 ll May 10! Oct. 7 150 


C@harlestoni(4)eaceaeeeae 598 6 Apr. 24] Oct. 19 178 
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TABLE 2.—Frost data and length of average frostless season for 1803 stations in the 
United States. (Plate 34.)—Continued. 


q No. of 
Station. Altitude. years of 
record. 
West Virginia—Continued: feet. 
Bilkhorni(h) sence. on cohen OSS eae ates os 
BilkinsiG7s)eeeenocr. cee 1,940 10 
Glenville (7S)escc eens. oer 738 16 
Graltontd7S) toe tsccec week 985 16 
elim tonncs4 eerie we ok 1,400 12 
Huntington (74).......... 510 15 
ewisbure ((74))o 0. 6. sade 2,200 10 
MOR ATIACTA! inset cers. sce sha oe 665 8 
Lost Creek (73)........... 1,033 14 
Mfariinten: (73) s2<sclsas ee 2,169 10 
Martinsburg (94)......... BSE am e.statiete caters 
Moorefield (94)........... SO Oman ere cheers. 
Morgantown (73)......... 1,250 16 
New Martinsville (73)..... 634 16 
Nuttallburg*(74)....2.00. 2% < 2,262 16 
Parkersburg (73)\s cae ce ee 638 20 
PPALSONSACOeeelans cies, oohe 1,662 10 
Jedev live) ah. (409) hn SiGryeeUOre 1,192 11 
IPICKENE KS )wee seas so 26s 2,785 16 
Point Pleasant (73)....... 553 16 
Powellton CH). 2.5%... 28 QOL S Pitesti ters 
Perra tAlian (7 s)iscce scissile - 3,207 10 
Welsburge CH). 5226.5 b0% L225) Bieeearencae 
Wheeling (96)...........-: CAB Teena: 
Wisconsin: 
FATn erst. (GO)isa.<e.6. cn. 1,200 18 
Appleton (GO) inc «isc ee sce 795 it 
PAHANG s(OS)isicc chive sees we. 647 16 
BS ATEOR COG) acters a:2.0) 6 eisielenecs 1,115 18 
BSlLOiG COO) names sisist ass, oe:0 750 ize 
Brodhead (GO)E icncs s-<.e 6 812 300 
Butternut (OS) sncacees +> 1,508 15 
Chilton (GO) sae cm ae sacle 6 860 15 
Cxrancdom (GO)emes «nels «ce 1,060 12 
Delavan (GO)iess.coso0de0s 920 17 
Dodgeville (59)........... L116 10 
Downing (68)... sss s 983 15 
Pat Claire (OS)ices cee. cree + 800 19 
Plorence (60)s..2.22...055 1,293 18 
Fond dw Gac(G0)\.c. «. 0.2. « 800 22 
Grand Rapids (59)........ 1,021 11 
Grantsburg (58).......... 1,095 ile 
Green Bay (60). .c........ 617 23 
Hancock (59) a. reece store's 1,091 18 
Parviey, GE) ets a0 +e BSS we led ates Mole 
Eliattield: (59) seance= «ale 973 12 
PLAY WALG! (OS) los ciel oe aioe ee 1,197 19 
LU SHOLON(O9) eer ae oe ayers 1,000 19 
Koepenick (59)..........% 1,683 18 
MaCrosse (59))5% sac. «we 681 37 
ake Mialis' (60) se serra oote = 897 19 
Eaneaster (59) )...6..<..-. 1,070 18 
IMM Kebtstoyay (ClO) a6 oopoolos ol 974 31 
Mianitowocr(G0)in<sce.- ms 616 47 
Mauston (O9ieadacs 6. em 882 14 


fer ee ee 


Average date of— 


Last frost | First frost 
in spring. jin autumn. 


a SS ees 


Length of 
average 
frostless 
season. 
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Tapp 2.—Frost data and length of average frostless season for 1803 stations in the 


United States. 


Station. 


Wisconsin—Continued: 


Meadow Valley (59).....- 
Medford (59).....-..---- 


(Plate 34.)—Continued. 


Milwaukee (60)......-.--- 
Neillsville (59).........--- 
New London (60)......-.- 
Oconto (GO)meeecarase- cere 
Osceola (58) ......2---+-0% 
Oshkosh (60)........-.--- 
Pine Rivers(60)s.00+.> 2 
Portagel(O9) mest eee tree 
Port Washington (60)....- 
Prairie du Chien (59)...... 
Prentice (59). cee le erent 
Racine (60) eee ei eiriel = terer= 
Shawano (GO)iae, acem eee 
Sheboygan (60).........-- 
Spooner: (58)aee asec eae 
Stevens Point (59)........ 
Valley Junction (59)...... 
Viroguian(59) sec rm citi 
Washburn (CE) aes neler cielo s 
Watertown (60).......... 
Waukesha (60)..........- 
Waupaca (GO)esen see as es 
Wausau (69) iacenveteciera cts 
Weyerhauser (58).........- 
Whitehall’ (68) aces. 


Wyoming: 


Alcova-Pathfinder (24).... 
(Basin: (25)csene cetera 
iSuftalon(25)eeeetrastree atest 
Cheyenne! |(24)2.e6. canes 
Chugwater (24)........... 
Clark: (25) hgite.cate oer 
Eaton’s Ranch (25)...... 

Fort Laramie (24)........ 
Gillettet(25)aee neice eae 
Grigesi(25) nee eee 


Eiyattevalles(25)2 see eerie lereeren here 


ASirtleyn(24)igen see ee eee 
Handenk(25)ieeeemetee: chine 
Maramuen(24) mame seis 
Busi; (24) Sessek ee 
Mcorerotta(2o) pees 
IMooret(24) Grats somone 
Newcastle (25)........... 
IP hillipsh( 24) ean ele ee 
Pine wBlutha@4 neater 
Rawliney(24)ceto ee yet 
Sheridan (25) see eee 
Shoshone Dam (25)....... 
Thermopolis (25)......... 
Wiheatlands(24)- =. cosa 
Wiyncote (24) nc ecsee ncaeten 


Nig tor Average date of— 

Altitude. years of 

record. | Last frost | First frost 
in spring. jin autumn. 
feet. 

974 19 May 21 | Sept. 23 
1,420 19 June 3 | Sept. 12 
681 39 Apr. 28 | Oct. 7 
996 21 May 23 | Sept. 20 
762 14 May 14 | Sept. 27 
590 19 May 10]| Oct. 2 
806 19 May 12 | Sept. 26 
744 19 May 7 | Sept. 30 
900 15 May 13 | Sept. 28 
809 14 May 3] Oct. 4 
ff} 16 May 6] Oct. 12 
690 22 Apr. 27 | Oct. 12 
1,551 11 June 6] Sept. 9 
633 13 Apr. 28} Oct. 13 
796 13 May 14 | Sept. 26 
831 12 May 8 | Oct. 11 
1,104 13 May 24 | Sept. 14 
Po L13 iff May 25 | Sept. 26 
930 18 May 16 | Sept. 24 
1,412 19 Apr. 30| Oct. 5 
6539 — lausceee May 16] Oct. 12 
824 18 Apr! 27 | Oct. 11 
864 14 Ape 284) 1Octeet2 
857 13 May 20 | Sept. 27 
1212 14 May 30 | Sept. 22 
1,297 7 May 30 | Sept. 12 
675 if May 6] Oct. 4 
5,366 11 May 21 | Sept. 19 
38624 Gen eres May 10 | Sept. 20 
4900 4 SMe Pee ten es May 28 | Sept. 21 
6,088 38 May 21 | Sept. 17 
5, 282 9 June 1] Sept. 15 
Ae S200) CICS. May 4] Oct. 14 
4 COO Whether a oe May 16 | Oct. 5 
4,270 15 May 15 | Sept. 20 
46469 7 dee! May 23 | Oct. 4 
A 00 Maal inet: May 311! Sept. 8 
Rh ote May 19 |} Sept. 21 
5,000 6 May 29 | Sept. 17 
5 O7S = di Satara May 26 | Sept. 11 
7,188 15 May 30 | Sept. 16 
5,007 16 May 25 | Sept. 13 
zp A amen Jaen ee May 23 | Sept. 20 
6,000 9 May 26 | Sept. 14 
A SAG la) Weta eee May 22 | Sept. 20 
4,900 7 May 25 | Sept. 17 
5,038 8 May 27 | Sept. 19 
6,744 6 June 3 | Sept. 13 
3.5, BOOM Py Al niceechertoree May 21 | Sept. 24 
G7 8802, | Biaeesee May 26 | Sept. 21 
43507, 7 nt oes May 8] Sept. 13 
4,741 9 May 11 | Sept. 24 
4,207 3 May 21 | Oct. 2 


Length of 
average 
frostless 
season. 
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Most of the data of table 2 have been plotted ona map of the United 
States, to represent them in a graphic way. After the numerous 
stations had been located and the average length of their respective 
frostless seasons had been placed beside the points representing them 
on the map, lines were traced as accurately as possible through points 
having a common length of frostless season, a line for each increment of 
20 days, beginning with 80. By this means the map was subdivided into 
15 sorts of seasonal areas. The first sort has, according to our data, an 
average frostless season of less than 80 days, the second has a season of 
80 to 100 days, and so on by steps of 20 days until the average frostless 
season for the fourteenth sort of areas is 320 to 340 days, and for the 
fifteenth, over 340 days. The only one of our stations that is unques- 
tionably without frost, thus having an average frostless season of 365 
days, is Key West, Florida. 

In tracing the equiseasonal lines we have followed the data of table 
2 as accurately as possible, making no attempt to smooth the lines. 
Topography has been allowed to exert a deciding influence in many 
cases where observational stations are too far apart satisfactorily to 
determine the positions of the lines. This is especially the case for that 
portion of the chart which lies west of the one hundred and fifth 
meridian of west longitude. In a very few cases the data of single 
stations have been ignored, where the length of season given in the 
table is obviously a marked exception for its region, thus suggesting 
the possibility of error or inadequacy in the data themselves. Wherever 
a small local area is indicated by the data from two or more stations, 
however, the area has been shown on the chart. 

It was found at once that the approximate equiseasonal lines for 
20-day increments were altogether too crowded in the mountainous 
region of the West, when drawn upon a chart of any convenient size, 
and for this region all lines have been discarded in this region, excepting 
those for 80, 120, 180, 240, and 300 days. This method probably 
presents the details for this part of the country as accurately as is to 
be expected from the data now at hand. The omitted lines, all drawn 
for the East, have been abruptly terminated wherever they would 
enter the more generalized portion of our chart. Plate 34 is a repre- 
sentation of the chart just described. For the sake of clearness, the 
chart has been shaded so as to fall primarily into the five classes of areas. 
These areas denote regions with average lengths, in days, of frostless 
season of (1) less than 120, (2) 120 to 180, (3) 180 to 240, (4) 240 to 
300, and (5) over 300. The other lines, representing greater detail, 
are shown in dotted form. . 

A comparison of plate 34 with Day’s plate V (loc. cit.) shows, at first 
glance, a remarkable series of differences. Closer scrutiny brings it 
out, however, that the apparent discrepancies are mainly due to the 
fact that the lines of Day’s chart have been obviously subjected to a 
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very strenuous smoothing process. Since a smoothed chart is thus 
already in existence, we have thought it best to let plate 34 represent 
as nearly as possible the present status of our climatic and physio- 
graphic information, and, as has been pointed out, we have made no 
attempt to smooth our equiseasonal lines. Professor Day informs us 
that some scattered data other than those available for our use were 
included in his study of the frostless season, and it seems probable 
that a few discrepancies between his chart and ours may be related to 
this fact. At any rate, for all practical purposes, and until such time 
as much more complete and reliable observational data may have been 
obtained, we may say that these two charts are in very good agreement. 
So far as we are aware, no attempt, other than Day’s and our own, to 
prepare a chart of the average length of frostless period for the United 
States has yet been made. — 

The main generalization to be derived from plate 34 is that the areas 
of equal frostless seasons traverse the country, roughly, in a west-east 
direction, being displaced, however, to the northward in the vicinity 
of the Pacific and Atlantic coasts and to the southward in the regions 
of the western and eastern mountain systems. The coastal displace- 
ment is especially pronounced on the Pacific, where the 300-day 
season reaches as far north as Washington. Here the season of 180 
days seems to extend even into British Columbia. On the eastern 
coast the last-named season extends as far northward as Massachusetts. 
The northward extension of the same season is seen to be limited in the 
central portion of the country, approximately by the southern boundary 
of Iowa, while the western mountains displace its northern limit, in 
southern New Mexico, to about latitude 33° north, and the Appalach- 
ians displace it, in northern Georgia, to about latitude 35° north. 
Again, the 120-day season is not represented at all on either coast, but 
extends as far southward as latitude 35° north, in Arizona and New 
Mexico. 

The Great Lakes exhibit a tendency, as far as our data extend, to 
lengthen the average frostless season in their vicinity. The chart 
shows also a frequent tendency toward an upstream extension of any 
given length of average frostless season in the vicinity of the larger 
rivers, even where this has no obvious relation to altitude. 

As has already been stated, the data for the average length of the 
frostless season have been made the basis for many of our studies of 
other climatic features, on the assumption that this time period may 
be taken as a rough approximation of the length of the season of active 
growth for a large number of plant-forms. It seems probable that it 


is proportional to the average growing season for most plants, at any 
rate. 
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(C) LENGTH OF PERIOD OF AVERAGE FROST SEASON. 


By the frost season is here indicated the period of the year during 
which frost is apt to occur. In this season such plant-forms as are 
killed or thrown into the dormant state by the occurrence of freezing 
temperatures should not be active. While actual growth of such 
plants often occurs within this season of any year, in frostless periods 
of a few days, yet this growth is soon checked, and foliage, etc., thereby 
produced is usually destroyed by the recurrence of frost, so that the 
result of such short growing-periods is seldom to be considered as 
advancing the organism very much toward maturity or reproduction. 
It may thus be generally assumed that the average frost season for any 
region represents the average period of dormancy for a large number 
of plant forms. 

It is obvious that the average length of the frost season is the com- 
plement of the average length of the frostless period. Thus, from 
table 2, the mean length of the frost season may be obtained for any 
station by subtracting the number of days given for the frostless season 
from 365, the total number of days in the year. It is also obvious that 
the chart of the mean duration of the frostless season is simultaneously 
a chart of the mean length of the frost season. Thus, on plate 34, the 
area represented as having a mean length of frostless season of less 
than 120 days is characterized by an average period of general plant 
dormancy of over 245 days, etc. 

It seems highly probable, though there is at hand no direct informa- 
tion in this connection, that many plant-forms are excluded from cer- 
tain areas in the United States, not by the lack of an adequately 
long growing-season nor by killing temperatures, but by too great a 
duration of the dormant period. It may thus be possible that, for a 
given plant, a certain locality might possess a growing-season quite 
adequate in every way for maturation and reproduction, and yet 
the length of the enforced period of dormancy might be so great that 
death from autolysis, respiration, and the like might ensue before the 
return of the conditions requisite for full activity. The question thus 
raised can not be answered until after the accumulation of a much 
more thorough knowledge of the limiting conditions of plant-life than 
is now available. Indeed, the first prerequisite for an attack upon such 
questions is some such laboratory for the study of environmental 
relations as has attracted our attention earlierin the present publication. 


(D) LENGTH OF PERIOD OF HIGH NORMAL DAILY MEAN TEMPERATURES. 
(TABLE 3, PLATE 35.) 


On the supposition that high temperature may, directly or indirectly, 
prevent the appearance of certain plants in certain areas, or that this 
may be the critical requisite for the complete development of certain 
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forms, it follows that the duration of relatively high temperature may, 
in some cases, be a limiting vegetational condition. It has therefore 
seemed worth while to attempt a cartographical study of this feature. 

The temperature observations that have been carried out by the 
Signal Service and by the United States Weather Bureau have already 
resulted in an enormous mass of data. From our present point of view 
these data are very unsatisfactory in many respects. The distribution 
of the stations of observation is, as has been remarked previously, 
exceedingly unequal, and seems to have been the result of political 
rather than of scientific interests. Furthermore, the exposure of the 
thermometers at the various stations follows no general rule; some- 
times the instruments are placed on the tops of high buildings, some- 
times near the ground; they are seldom in the open country, and are 
almost always subjected to whatever peculiar conditions prevail in or 
over cities. Nevertheless, in spite of the many quite obvious funda- 
mental errors which a more rational guidance might have been able to 
avoid, the faithful labors of the observers and interpreters of the 
Bureau have resulted in a very valuable mass of statistical information 
upon temperature conditions, and it is from this alone that informa- 
tion such as we require may be obtained. Especially valuable to us is 
the Herculean work of Professor Frank H. Bigelow, who has done what 
was possible to bring order and meaning out of the chaos of existing 
observations. 

In the present instance, as also in the next following, we have drawn 
our fundamental statistics directly from Bulletin R of the United 
States Weather Bureau.! In this bulletin Bigelow has presented the 
normal daily mean temperature for every day in the year for 177 sta- 
tions in the United States. Although the introductory statements of 
this work are none too clear as to the sources of the temperature data 
used in the computations, it is implied that these normal daily means 
are the direct outcome of a graphically mathematical treatment of the 
normal monthly mean temperatures as given in Bulletin S of the 
United States Weather Bureau.” Since, however, the list of the last- 
mentioned bulletin comprises but 123 stations, it is obvious that other 
data than these have been employed in the preparation of the daily 
normal means. It thus appears that the fundamental homogeneous 
reductions for at least 54 stations have never been published and that 
these have nevertheless been made use of in the preparation of the list 
of 177 stations which we are to employ. While there can be no rational 
doubt of the approximate reliability of all the data given in the first- 
mentioned of these two publications, it is to be regretted, where there 


1 Bigelow, Frank Hagar, The daily normal temperature and the daily normal precipitation 
of the United States, U. S. Dept. Agric., Weather Bur. Bull. R, 1908. 
* Bigelow, Frank H., Report on the temperatures and vapor tensions of the United States, 


reduced to a homogeneous system of 24 hourly observationsf or the 33-year interval 1873-— 
1905, U.S. Dept. Agric., Weather Bur. Bull. 8, 1909. 
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are sO many mathematical steps between the actual observations and 
the finally resulting daily normal means, that so many of the funda- 
mental properties and characteristics of the data upon which the latter 
have been based still remain practically unattainable to the student 
of these important statistics. 

The enormous amount of work represented by the portion of Bulle- 
tin S that deals with the normal monthly mean temperatures resulted 
in the elimination, as far as this was possible, of the error-producing 
effects of variations and alterations in the hours of observation at the 
different stations throughout the long period of observations, as well 
as in the reduction of the variously derived daily means to a homo- 
geneous system. For an account of the ingenious methods employed 
in this work the reader is referred to Chapter I of Bulletin S; for not 
nearly all of the stations are observations for the full 33 years available, 
and the possible approximate reductions of the means of short-record 
stations to a 33-year basis were not carried out in Bulletin S, though 
a method for this sort of reduction is given on page 32. Whether these 
reductions have been carried out for the temperature data of Bulletin 
R we are not informed, but it may safely be supposed that the state- 
ment of the normal daily means of temperature for the 177 stations 
dealt with in Bulletin R, approach the truth as nearly as was possible, 
all circumstances being considered, at the time of the preparation of the 
bulletin. 

It is interesting and worthy of remark here that the letter of trans- 
mittal accompanying Bulletin §, signed by Willis L. Moore, Chief, 
sounds a truly prophetic note in this sentence: 

These data, and the normals that have been deduced from them, will form the funda- 


mental basis for future studies on climatology and for the investigation of the relations 
between plant life and the thermal and hygrometric conditions that prevail in nature. 


We have chosen 68° F. (20° C.) as our critical normal daily mean 
temperature in the present connection, and have determined from the 
tables of Bulletin R the number of days in the year to which are 
ascribed normal daily means of 68° F. or above. These days are con- 
secutive in every case, owing to the smoothing process by which the 
normals have been derived. There are comparatively few stations in 
the United States without any such days, and for one station, Key 
West, Florida, this period of what most dwellers in temperate regions 
would probably term hot days is extended throughout the year. 
Searcity of information has no doubt led us into more considerable 
errors in the western mountainous area than elsewhere. 
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TaBLE 3.—Length of period with normal daily mean temperatures of 68° F. or above, and of 


period with similar means of 32° F. or below, within the year. 


(Plates 35 and 36.) 
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TABLE 3.—Length of period with normal daily mean temperatures of 68° F. or above, and of 


period with similar means of 32° F. or below, within the year. (Plates 35 and 36.) 
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The numbers obtained by our study are given in table 3, and the 
chart formed with these is reproduced as plate 35, the locations of the 
stations used being denoted by small circles. The equiseasonal lines 
exhibit the data in a graphic manner. Increments of 30 days in the 
length of this hot season are represented. 

It is noticeable on plate 35 that our lines assume a generally east- 
and-west direction to the eastward of the one hundredth meridian of 
west longitude, and a north-and-south direction in the vicinity of the 
Pacific ocean. Both mountain systems exhibit a tendency to displace 
the various climatic belts to the southward,-a tendency shown still 
more markedly by the Pacific Ocean, and the same tendency is 
exhibited to a relatively slight degree by the Great Lakes. The region 
thus normally without the hot period here considered embraces almost 
the entire Pacific coast, from the vicinity of San Luis Obispo to the 
Canadian boundary; also the northwestern part of Minnesota, the 
whole of the northern peninsula of Michigan, a small adjacent part of 
Wisconsin, the northern extremity of the southern peninsula of Michi- 
gan, and the extremely northern parts of New England. This entire 
region is generally in high repute for summer resorts. 


(E) LENGTH OF PERIOD OF LOW NORMAL DAILY MEAN TEMPERATURES. 
(TABLE 3, PLATE 36.) 


Just as the length of the hottest period may be supposed to influence 
the appearance or non-appearance of certain plants, so the mean 
length of the coldest period of the year may have its effect upon the 
distribution of the same or other forms. It seems improbable, how- 
ever, that a normally long period of very cold weather may be essential 
to the full development of any organism. This coldest season always 
finds the plant in a dormant condition, and it is hardly possible, on 
physiological grounds, that extreme cold should be directly advanta- 
geous to its survival, but it is to be realized that nothing is yet quanti- 
tatively known in this connection. On the other hand, it is quite clear, 
in general at least, that cold weather tends to exclude many plant- 
forms from the vegetation of any region where such weather may 
occur. Numerous plants that readily survive a single frost are com- 
pletely annihilated by the occurrence of several days of freezing 
weather. The question here raised refers mainly to the power of 
dormant plants to retain life under more or less persistent conditions 
of temperature below that of frost. 

As a critical normal daily température mean we here take 32° F, 
(0° C.) For each station included in the temperature tables of Bulle- 
tin R of the U. 8. Weather Bureau, it has been determined how many 
days in the year possess a normal daily mean of 32° F. or below. Owing 
to the averaging and smoothing process by which the daily normals 
have been derived, these data exhibit a regular annual march, and all 
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dates accredited with normals of 32° or below occur consecutively. 
Thus the period so characterized may be termed the normal season of 
cold weather. 

Our method of procedure in the present case brings out the fact that 
nearly one-half of the United States is without such normal periods of 
cold weather as are here considered. The longest period encountered 
is of 158 days. The numbers obtained from this study are shown in 
table 3, and the chart of plate 36 exhibits the equiseasonal lines 
derived therefrom, this chart thus exhibiting graphically the extent of 
the areas having different lengths of cold season as here characterized. 
The station locations are again indicated by small circles on the chart. 
Increments of 30 days have again been employed, as in the charting of 
the periods of hot days (plate 35). 

From plate 36 it is seen that the area indicated as without cold season 
occupies the entire country south of a line passing, approximately, 
from Cape May, New Jersey, to Tucson, Arizona, and is extended 
westward and northward to embrace approximately the southern 
third of California, the western two-thirds of the remainder of that 
State, and the western half of Oregon and of Washington. It is in this 
area that the most highly reputed winter resorts occur. 

The area characterized by 150 or more days of normal daily means 
of 32° F. or below occupies only the northern third of Minnesota, the 
northern half of North Dakota, and a little of northeastern Montana. 

The eastern mountains and the Great Lakes appear to have little 
tendency to extend the areas of cold winter weather southward, but 
such an effect is noticeable in the case of the western mountains. The 
influence of the Pacific Ocean is conspicuous, crowding the area of cold 
season far back from the coast, even north of the Canadian boundary. 


2. INTENSITY OF TEMPERATURE CONDITIONS. 
(A) PRELIMINARY CONSIDERATIONS. 


The physical conception of life phenomena allows us to regard the 
organism as a spatial system, in which a complex series of chemical 
and physical changes are ever in progress; during life, material and 
energy are always entering the system and are as unceasingly leaving 
it. The accomplishment of growth, maturation, reproduction, etc., 
of a plant is thus to be regarded, at any moment in its history, as the 
summation of the effects produced by the innumerable physical and 
chemical changes which have thus far occurred. Since all energy and 
material transformations are influénced to a greater or less extent by 
temperature, and since this influence is usually very important, it 
follows that, if other conditions were but consiant, or if they always 
varied in the same manner, the state of a plant at any moment might be 
treated almost as a direct function of the various aerial temperature 
conditions to which it has been subjected in the past. Of.course the 
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other conditions do not always vary in the same way and they are never 
constant, not even as related to criteria without the plant-body. Even 
though they were constant for any plant, progressive alteration within 
the organism would assuredly produce great variations in the relations 
of the external world to internal conditions as criteria. It is therefore 
quite hopeless to contemplate an accurate causal interpretation of 
plant states merely on the basis of integrations of temperature effects. 
Nevertheless, the same incubus of hopelessness overshadows similar 
attempts along lines of approach based upon other external factors, 
and since we are sure that no single criterion alone will lead very defi- 
nitely toward the solution of our problem, progress may be sought only 
by treating the different factors separately and studying the results, 
after which artificial and natural combinations of factors may be 
attacked. Furthermore, the study of the temperature conditions of 
plant environments appears promising in this particular, namely, that 
temperature not only directly influences plant activities, but also 
influences all of the other effective environmental conditions to a 
greater or less degree. 

There appear to be, in general, two possible criteria for comparing 
the temperature intensities of several different localities. By one of 
these the comparison is made of the extremes, merely, of the yearly 
maximal and minimal temperatures for the several stations. Thus the 
duration factor is completely left out of account. It is, however, 
possible to consider and compare maxima and minima, not for the 
entire year, but for shorter seasons, and these seasons may be of 
different length at the different stations. The difference between the 
maximum and minimum temperatures may then be obtained, giving 
the range of normal temperature for each particular season and place 
to be considered. The last-named function of the temperature condi- 
tions does take some account of the duration factor (since the season is 
described in each case), and may, in certain instances, have an impor- 
tant relation to plant activities. By the second general criterion the 
intensity conditions are summed or integrated, in some manner, 
through a given length of time, and the duration factor is thus seen to 
play a direct and important part in this procedure. 

Mean temperatures for long periods of time are not apt to be of value 
in studies of the relations between plant activities and the environ- 
ment; seasonal or yearly means, which comprise such an important 
part of the usual meteorological reports, seem never to have given any 
real promise in this direction. Such means do not take account of the 
duration factor ; the summed daily means are divided by the number 
of days considered, so that either this number of days must be the 
same for all localities compared, or else the numbers obtained can bear 
no relation to the corresponding extent of plant growth and other 
activities. Thus, a long growing-season with a given mean tempera- 
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ture is not at all the same, as far as vegetation is concerned, as a short 
season with the same mean. 

In studies regarding the relations between temperature intensity 
and plant development it is necessary to measure and compare the 
relative effectiveness of the temperature conditions at one station with 
that of the conditions at another;it is not the temperature of the atmos- 
phere or of the plant that primarily interests us, but it is the possible 
effect which the various degrees of temperature may have in controlling 
plant activity. To make the following subsection clear we shall digress 
at this point to explain the various concepts and the terminology which 
will here be employed, thus presenting a tentative discussion of the 
various sorts of temperature indices that may be used in vegetational 
or other dynamically applied climatology. 

The word “temperature” is used with a variety of different mean- 
ings, Some of which are very vague. Temperature and heat-content 
are frequently confused, but the heat-content of a body is only one of 
the conditions that determine its temperature; the heat capacity or 
specific heat of the matter in question and the amount (mass) of matter 
considered being also influential in determining the temperature. The 
definition of temperature involves difficulties unless based on the 
kinetic theory of matter, in which case the temperature of a body is 
considered as a measure of the mean kinetic energy of its particles. 
Temperature is often said to be the relative measure of the sensible 
heat of the body in question, of its hotness or coldness, this conception 
being based on the heat-sense of human beings. The latter definition 
must assume that the matter considered does not change its state (as 
solid, liquid, or gas) when the human sense-organ is applied to it as a 
measuring instrument, but the heat-conductivity of the material is 
important in this connection. Thus, a block of steel and a similar one 
of wood seem to have different temperatures by the criterion of sense, 
although they may be of quite the same temperature as determined by 
a thermometer. The commonest way of measuring temperature is to 
state it in terms of the relative volume assumed by a given mass of 
some standard substance (such as air, mercury, alcohol, etc.) when that 
mass of substance is in heat equilibrium with the body whose tempera- 
ture is to be determined, this equilibrium being attained when heat 
does not migrate in either direction between the standard mass and 
the body under consideration. Thus air-temperature is measured in 
terms of the relative volume assumed by the liquid in a thermometer 
when this liquid neither gives heat to the air nor receives heat from 
the air. In short, the thermometer liquid is allowed to come to the 
same temperature as the air and then this temperature is stated in 
terms of the volume occupied by this liquid under these conditions. 
Since the mass of the thermometer liquid is constant for any instru- 
ment, the different volumes assumed at various temperatures may be 
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indicated as a temperature scale on the thermometer-tube, and these 
volumetric graduations may be of any convenient magnitude. Thus, 
centigrade, Fahrenheit, etc., degrees are the respective increments in 
the volume of the thermometer liquid corresponding to equal incre- 
ments in temperature rise. 

The term “temperature” often means temperature reading (on some 
thermometer scale), and it is also used in a self-evident adjectival 
sense, meaning pertaining to temperature. In order to apply construc- 
tive reasoning to temperature conditions it is necessary to be somewhat 
more explicit than is usually the case, so that the terms we shall use 
require definition. 

Temperature readings or measurements are simply numbers that 
represent comparative temperatures, and they may therefore be con- 
sidered as conventional indices of temperature. The numbers of the 
Fahrenheit and centigrade scales are merely these indices expressed in 
two different kinds of units. Thus, the normal daily means of Bulletin 
R of the United States Weather Bureau are to be regarded as averages 
of a number of means for the given date, these means themselves being 
averages of a series of temperature indices representing the different 
temperatures encountered in the air throughout the day. According 
to this terminology, all climatological studies of temperature conditions 
thus start with temperature indices. These indices tell nothing about 
the possible effects of the temperatures represented, as these may 
accelerate or retard any process; they have reference only to the state 
of molecular motion of the particular body whose temperature is 
considered. 

For the problems before us, as has been mentioned, the various 
degrees of temperature effectiveness upon plant activities must be 
measured and compared, rather than temperatures themselves, and 
it thus follows that we require indices of temperature efficiency. These 
are to be derived from the indices of temperature, with due regard to 
the nature of the process to be studied, and various attempts have been 
made to obtain from temperature indices these other indices that are 
to be measures of the plant-producing power, etc., of given atmos- 
pheric temperatures. We shall deal below with the various methods 
that have been tried. The relative applicability of these methods is 
to be determined only empirically, but certain a priori considerations 
need to enter into the critical discussion of this relatively new and very 
important subject. According to the way in which indices of tempera- 
ture efficiency are derived from temperature indices, we may have four 
distinct classes of the former, which will now be taken up separately. 


(1) Drrecr Invices or Temperature Errictency ror PLANT GRowTHy 


Direct efficiency indices are obtained directly from the corresponding 
temperature indices, the numerical values being the same in both cases 
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This method of derivation assumes that the rate of plant growth varies 
proportionally to the environmental temperature. Any thermometer 
scale may be used and a set of efficiency indices thus obtained may be 
transferred from one scale to another by arithmetical treatment. The 
assumption here is exemplified as follows. If a plant grows 2 units per 
time period at 2° C. it should grow 10 units per time period at 10° C., 
25 units at 25° C., etc. While direct indices of temperature efficiency 
(on the absolute thermometer scale) are of great value in studying 
simple physical processes, such as the expansion of gases, they do not 
promise much in connection with the study of physiological processes, 
and need not be seriously considered in our practical applications. 


(2) Remainper Inpices or Temperature Erricrency ror PLanr Growra. 


The derivation of what we shall here term remainder indices of tem- 
perature efficiency is but little more complicated than that of direct 
indices. A constant difference between the temperature indices and the 
corresponding efficiency indices is assumed (or derived from experi- 
ment), and this difference is subtracted from every temperature index, 
thus giving the required efficiency indices. It will be seen that this 
method virtually does nothing but alter the position of the zero of the 
thermometer scale, after which alteration it employs direct efficiency 
indices as these have been defined above. Thus, the rate of plant 
growth at 40° F. may be considered as unity and it may be assumed 
that this rate becomes 2 at 41°, 10 at 49°, 50 at 89°, etc., the constant 
difference above mentioned being here 39. In the phenological studies 
that have employed this sort of efficiency indices it has been assumed 
that if the plant does not attain the particular growth-rate that is 
taken as unity, it does not grow at all; that is, with a temperature of 
39.5°, for example, no growth is supposed to occur, when unit rate of 
growth would be obtained with a temperature of 40°. It is clear that 
the method of direct indices of efficiency is a special case of that of 
remainder indices, the constant difference being reduced to zero in the 
case of direct derivation. 

The integration of temperature data by these remainder indices has 
received the attention of workers in phenology for many years and a 
large amount of literature bears upon this subject. For a review and 
citations of the earlier phenological studies, the reader is referred to 
Abbe’s Relations between Climates and Crops, already mentioned. 
Because of their close relation to our special field of study, Merriam’s 
researches upon the zonation of temperature conditions in the United 
States must be considered here. The conclusions arrived at by this 
author have been largely adopted by plant and animal geographers 
in this country, and Merriam’s zonal terminology has come into very 
general use, despite the exceedingly tentative nature of the data on 


which this is based. 
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Merriam’s work! and that of his colleagues of the Bureau of Biologi- 
cal Survey of the U. S. Department of Agriculture constitute by far 
the most thorough study that has yet been brought forth of the rela- 
tions of plant and animal distribution to temperature conditions in the 
United States, and Merriam’s temperature integrations have furnished, 
for two decades, practically the only available information in this 
regard. In his most complete account of this arduous work of integra- 
tion, Merriam writes: 


Several years ago I endeavored to show that the distribution of terrestrial animals and 
plants is governed by the temperature of the period of growth and reproductive activity, 
not by the temperature of the whole year; but how to measure the temperature concerned 
was not then worked out. * * * At one time I believed that the mean temperature of 
the actual period of reproductive activity in each locality was the factor needed, but such 
means are almost impossible to obtain, and subsequent study has convinced me that the 
real temperature control may be better expressed by other data. * * * If it is true that 
the same stage of vegetation is attained in different years when the sum of the mean daily 
temperature reaches the same value, it is obvious that the physiological constant of a species 
must be the total quantity of heat or sum of positive temperatures required by that species to 
complete its cycle of development and reproduction. * * * Iam not aware that an attempt 
has been made to correlate the facts thus obtained with the boundaries of the life zone. * * * 
If the computation can be transferred from the species to the zone it inhabits—if a zone 
constant can be substituted for a species constant—the problem will be well nigh solved. 
This I have attempted to do. In conformity with the usage of botanists, a minimum 
temperature of 6° C. (43° F. [42.8° F., see footnote, p. 231])? has been assumed as marking 
the inception of the period of physiological activity in plants and of reproductive activity 
in animals. The effective temperature or degrees of normal mean daily heat in excess 
of this minimum has been, added together for each station, beginning when the normal 
mean daily temperature rises higher than 6° C. in spring and continuing until it falls to 
the same point at the end of the season. The sums thus obtained have been platted on a 
large scale map of the United States, and isotherms have been run which are found to con- 
form in a most gratifying manner to the northern boundaries of the several life zones. * * * 
While the available data are not so numerous as might be desired, the stations in many 


1 Merriam (1894.) A very much abbreviated statement of the results embodied in the above 
paper was published as Part III of the same author’s Life Zones and Crop Zones of the United 
States, U.§. Dept. Agric., Div. Biol. Survey. Bull. 10, 1898. This latter involves but two pages 
(54, 55) and does not include the climatic map. Nothing approaching an adequate presentation of 
the data upon which these important studies are based has, as far as we are aware, ever appeared. 

It can not be too strongly emphasized that work of this sort is deprived of by far the greater 
part of its possible usefulness in building up our knowledge whenever a derived chart is published 
without the station data upon which it is based. It appears that most writers who have dealt 
with climatic charts have considered these as an end rather than as a means. Such charts are 
simply broad and necessarily very general presentations of the facts or observations upon which 
they are constructed, and can accomplish little more for the student of plant distribution or of 
agriculture than to inform him where in the given region to look for stations with certain climatic 
characteristics. As soon, however, as his interest is thus aroused he requires the station data, 
and if these are not at hand, further quantitative studies therewith are effectually precluded. We 
will not suppose that this common suppression of basic data is to be related at all to any desire 
on the part of writers to veil the exact methods of their procedure in the preparation of charts; 
we suppose rather that the suppression here in view has usually arisen from lack of facilities for 
publication or from lack of time and energy requisite for the preparation of tables or for the 
placing of the numerical data upon the published charts. It is hardly conceivable that a writer 
who has derived important generalization from a mass of figures should not appreciate the 
probability that the same figures may be utilized, in the same or in different ways, by other 
students of the subject. 

Had Merriam’s publications included a list of stations each with its numerical elimatic indices, 
the latter might have been put to many other uses than the mere preparation of the simple charts. 


2 As the chart was published, however, the minimum here referred to was 0° C. (32° F.). See 
Merriam’s note, Science, n.s., 9: 116, 1899. 
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instances being too far apart, still enough are at hand to justify the belief that animals 
and plants are restricted in northward distribution by the total quantity of heat during the 
season of growth and reproduction. 


Merriam’s chart (1894, plate 12) of the summations just. described 
is here reproduced in its essentials, as our plate 37, for purposes of com- 
parison, and because of its pioneer nature and present scarcity. From 
this map it is seen that the warmest zone of the United States, as here 
indicated, is characterized by a summation temperature of 26,000 on 
the Fahrenheit scale (14,500 on the centigrade scale), and that this 
zone is restricted to the lower Colorado Valley, the extreme southern 
portion of Texas, and the southern half of the Florida peninsula. The 
zone characterized by temperature summations below 10,000, F. 
(5,500 C.) occupies, in general, the highest portion of the Cascade and 
Sierra Nevada Mountains, the Rocky Mountains, northern Minnesota, 
a little of northern Wisconsin, the northern half of Michigan, and the 
northern half of Maine. The isoclimatic lines for 11,500 F. (6,400 C.), 
and 18,000 F. (10,000 C.) are seen to have a west-east trend, but are 
more or less markedly displaced southward by the western and eastern 
mountains and northward by the Pacific and Atlantic oceans. 

Our own work with remainder indices will be presented farther on. 


(3) ExpoNnEentTIAL INDICES OF TEMPERATURE EFFICIENCY FOR PLANT GROWTH. 


As has been stated in our earlier discussions, it appears that some 
possibility of advance lies in studying climatic temperature conditions 
with reference to the chemical principle of Van’t Hoff and Arrhenius, 
and a first attempt in this direction has been made by Livingston and 
Livingston in the paper already cited. This principle states that 
chemical reaction velocity usually about doubles (or somewhat more 
than doubles) for each rise in temperature of 10° C., or of 18° F. It is 
to be understood that the principle of Van’t Hoff and Arrhenius is 
applicable, even in purely chemical problems, only within certain 
temperature limits, and it is sufficiently clear that the same general 
sort of limitation must influence its applicability in physiology and 
ecology. Weare primarily interested here in growth processes and their 
rates, and, obviously, there may occur natural temperatures either 
above the maximum or below the minimum for growth, so that here 
are unquestionable limits for the application of the principle just 
stated. Furthermore, the principle itself supposes that the process 
considered increases its velocity with each rise of temperature between 
the limits of applicability, and we are well aware that increasing tem- 
perature is not accompanied by increased growth-rate throughout 
the range from the minimum to the maximum for growth in plants. 
An optimum temperature can always be found above which the pre- 
viously increasing growth-rate begins to decrease. Thus the applica- 
bility of the Van’t Hoff-Arrhenius principle to organic growth phe- 
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nomena as a whole can not be maintained beyond the limits set by the 
minimum and optimum temperatures for growth. However, these 
physiological constants are not the same for different plant-forms, and 
they may also be assumed to vary with other conditions within and 
without the plant. It therefore seemed desirable, in an attempt to 
apply this law of temperature coefficients to the climatological delimit- 
ation of geographical areas, to choose such limiting temperatures as 
should give promise of merely approximating the physiological limits 
for a large number of plant-forms. In this we follow Livingston and 
Livingston, who give a more complete discussion of this whole question 
than is required here. 

The authors just mentioned calculated their indices of temperature 
efficiency on the basis of the supposition that general plant activity 
occurs at unity rate when the daily mean temperature is 40° F., and 
that this rate is doubled with each rise of 18° F. in the daily mean. 
Thus, with a daily mean temperature of 58° F. the rate becomes 2.0, 
with a mean of 76° F. it becomes 4.0, etc. It thus becomes clear that 
the relation here assumed between any index of temperature efficiency 
and the corresponding index of temperature itself is an exponential 


one, expressed by the equation IJ SU where J is the index of 
efficiency and t is the corresponding index of temperature. From this 
equation, by substituting the various values of ¢, Livingston and 
Livingston prepared a table of the efficiency index values corresponding 
to the temperature indices from 40° to 99° F. This table is reproduced 
as our table 4. Of course, constants other than 2, 18, and 40 might be 
employed, thus giving other values to the indices of efficiency; these 
indices, as has been stated, are based on the supposition that plant 
TaBLe 4.—Exponential indices of temperature efficiency for plant growth, based on a coeffi- 


We oe ae each rise in temperature of 18° above 40° F., for each temperature from 
0 ; 


oO 
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Seow oo, |e Bele, chee ee eal oe ee 
Be | wes | Sx) wes il Sx] psSll @u | HES | Sul wes 
o © © oO 8 oO Ha o © oO re) 
pa) Eas | PE | ERS | SE / See | Be | Bee | Be] eee 
® pus - Fact a 43) a & 
SU Mee cl fem bar pe iar ee (ental ar 
el oR oF oF, malls, 
Al 1.0393 55. 1.6493 65 2.6192 77 4.1572 89 6.5972 
42 1.Q802 54 1.7412 66 SYP e? 78 4.3206 90 6.8566 
43 11226 55 1.7815 67 2.8284 79 4.4902 91 talZeos 
44 1.1666 56 1.8512 68 2.9391 80 4.6662 92 7.4048 
45 ee 23) 57 1.9240 69 3.0545 81 4.8490 93 7.6960 
46 1.2599 58 2.0000 70 3.1748 82 5.0396 94 8.0000 
47 1.38096 59 2.0786 CG 3.2986 83 5.2384 95 8.3144 
48 1.3603 60 2.1603 %2 3.4283 84 5.4424 96 8.6412 
49 1.4142 61 2.2451 73 3.5629 85 5.6568 97 8.9804 
50 1.4696 62 2.3331 74. 3.7024 86 5.8782 98 9.3329 
51 Lala AES} 63 2.4245 75 3.8480 87 6.1090 99 9.6980 
2 1.5874 64 2.5198 76 4.0000 88 6.3496 100 /10.0792 


1The temperature efficiency index is here assumed to be doubled for each rise of 10°C. (18° F.) 
above 40° F., at which temperature the index of efficiency is taken to be unity. 
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activity in general doubles with each rise in temperature above 40° F., 
at which temperature the rate of development is considered as unity. 


(4) PuystoLocicat InpicEs oF TEMPERATURE EFFICIENCY FoR PLanr GrRowrTH. 


All three methods so far considered for deriving temperature effi- 
ciency indices from temperature indices assume that the rates of plant 
activity increase continuously as the temperature rises. If these 
various series of efficiency index values be plotted as ordinates on 
graphs whose abscissas are the temperature indices, then the graphs 
for direct and remainder indices both take the form of straight lines 
with an upward slope of 45°. The graph for exponential indices, on 
the other hand, has the form of a curved line slightly concave upward, 
which much more nearly approaches being horizontal in the region of 
climatic temperatures than do the other graphs. In other words, 
within the range of temperature indices encountered in climatology, 
the calculated efficiency index increases much more rapidly with rise 
in temperature for the direct and remainder methods of calculation 
than it does for the exponential method, as adopted by Livingston and 
Livingston. None of these graphs, however, shows a maximum, and 
we know that the true graph of temperature efficiency for plant 
growth must possess two points where the ordinate is zero and must 
have a maximum somewhere between these points. This maximum of 
the graph has a relatively large ordinate and its abscissa is the index 
of the optimum temperature for growth. It thus follows that none of 
the methods so far discussed can possibly furnish true indices of tem- 
perature efficiency for plant activities, excepting, as has been empha- 
sized, within certain limits of temperature range. If a perfectly satis- 
factory method of calculating efficiency indices from temperature 
indices is to be devised, it must be of such nature that both low and 
high temperature values will give efficiency indices of zero, and inter- 
mediate temperature values must give indices whose graph shows a 
well-defined maximum. 

Livingston! has attempted to obtain efficiency indices from the 
variations in plant growth-rate experimentally determined for different 
temperatures. As has been said, the best study of the actual relations 
between temperature and growth is that of Lehenbauer, and Liv- 
ingston has employed the results of that writer in this connection. He 
considered the average hourly growth-rates of shoots of maize seed- 
lings exposed to the same temperature for a 12-hour period, the tem- 
peratures included in Lehenbauer’s study ranging, by increments of 
one degree, from 12° to 43° C. Lehenbauer’s curve, plotted with 
growth-rates as ordinates and temperature indices as abscissas, was 
first smoothed by the use of a flexible spline, so as to give a generalized 


+ * 
1 Livingston, B. E., Physiological temperature indices for the study of plant growth in 
relation to climatic conditions, Physiol. Res. 1: 399-420, 1916. 
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curve, which was continued at either end to cut the axis of abscissas 
at 2° and 48° GC. The ordinates corresponding to the various abscissal 
temperature values were then actually measured. Finally, all the new 
ordinates thus derived were expressed in terms of the ordinates for 
40° F. considered as unity. The resulting series of values are Liv- 
ingston’s physiological indices of temperature efficiency. He presents 
a'table showing these values foreach single degree of temperature from 
36° to 118° F., and that table is here reproduced as our table 5. 


Taste 5.—Physiological indices of temperature efficiency for growth, based on Lehenbauer’s 
12-hour exposures with maize seedlings. 


Centigrade scale. Fahrenheit scale. Fahrenheit scale. 


Degrees. Index. Degrees. Index. Index. 


-111 106.889 
. 222 110.778 
.842 115. 
118. 
120. 
121. 
122. 
122. 
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This physiological method of deriving temperature efficiency indices 
is of course empirical, but it is not more go than either the direct or the 
remainder method, and it has what seems to be a better experimental 
foundation than has either of these. Furthermore, Livingston’s 
physiological indices appear to be much more in accord with what is 
actually observed in the case of growing plants than are the exponen- 
tial indices of Livingston and Livingston, and it may be said that we 
have at last obtained a method for estimating temperature efficiency 
that is applicable throughout the entire range of possible temperatures, 
the graph of these indices showing approximately the same form as 
Lehenbauer’s graph of actual growth-rates. Of course it is desirable 
that this set of relations be eventually broadened so as to include other 
plants than maize and other developmental phases than that of the 
seedling, and when this is accomplished the efficiency index values for 
general use will probably need to be altered; it would be surprising if 
indices for seedling maize plants should prove to be representative for 
plants in general. Enough data are now at hand, however, for a some- 
what rational beginning, and we regard these physiological indices of 
Livingston as the most promising of all the different kinds of indices 
of temperature efficiency that have been proposed. 

We turn now to the employment of these four different kinds of 
temperature efficiency indices in our study of the climatic conditions 
of the United States. In the application of temperature efficiency 
indices to climatological study we have followed phenological workers 
in summing these indices throughout a certain period, the resulting 
summation being supposed to represent, in the form of a single number, 
the efficiency value of that period, and for the station in question, as 
far as temperature is concerned. We have used Bigelow’s normal 
daily mean temperatures (Bulletin R of the United States Weather 
Bureau) as our daily temperature indices, with which all our computa- 
tions begin. For the time-period we have here again used the period 
of the average frostless season. The procedure has been (1) to find the 
efficiency index corresponding to the temperature index for each day of 
the average frostless season, at each station, and (2) to add these daily 
efficiency indices all together to give the seasonal efficiency index for 
the station in question. This method allows the length of the average 
frostless season, as well as the values of the daily efficiency indices 
throughout that season, to take part in the control of the final value 
which represents the seasonal temperature efficiency for growth. 
Thus, a long season with relatively low temperatures may give a higher 
summation index than does a shorter season with higher daily mean 
temperatures. The use of Bigelow’s normal daily means of tempera- 
ture as original data should give to these studies an exceedingly broad 
and general character, and may be supposed to produce some approxi- 
mation to the average conditions of temperature for many years. 
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(B) SUMMATIONS OF DIRECT INDICES OF TEMPERATURE EFFICIENCY FOR 
PERIOD OF AVERAGE FROSTLESS SEASON. 


As has been said, direct indices of temperature efficiency offer little 
promise for our present purpose. We therefore present here only the 
numerical values (in the third column of table 6, summations above 
0° F.) and do not reproduce the climatic chart based upon these values. 
This chart shows practically the same climatic zonation as is shown by 
Merriam’s chart (our plate 37) and by our charts based on the remain- 
der indices, the numerical values given to the various isoclimatic lines 
being of course different in each case. 


(C) SUMMATIONS OF REMAINDER INDICES OF TEMPERATURE EFFICIENCY 
FOR PERIOD OF AVERAGE FROSTLESS SEASON. (TABLE 6, PLATE 38.) 


Remainder indices of temperature efficiency have been derived in the 
present study by the use of three different values for the constant 
difference, 32, 39 and 50. It will be remembered that the efficiency 
index is here taken to be equal to the corresponding temperature index 
minus the constant difference. Thus we have subtracted 32, 39, or 50, 
as the case might be, from each of the daily normal means given in 
Bulletin R, for the period of the average frostless season, and have then 
summed the daily normal mean efficiency indices thus obtained for 
each station considered. Columns 4, 5, and 6 of table 6 present the 
results of these three kinds of summations, above 32°, above 39°, and 
above 50° F. The method here followed is the same as that employed 
by Livingston and Livingston, in their summations above 39° F., and 
our final results for that series of summations are the same as those 
presented on their chart of “direct summations,” figure 1 in the paper 
already cited. Our summations above 32° F. are derived by the method 
actually employed by Merriam, but his failure to publish the data 
used in making his chart (our plate 37) make detailed comparison 
impossible. 
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TABLE 6.—Summations of normal daily mean remainder indices of temperature efficiency for 
plant growth, for the period of the average frostless season. (Plate 38.) 
[The daily indices are derived by subtracting 0, 32, 39, or 50 from the values of the normal daily 
mean temperature on the Fahrenheit scale.] 


Direct summation of normal daily mean 
temperatures for period of average 
Length of frostless season. 


Station. frostless 
eason. 
iy Above Above Above Above 
Onebie o2-he 39° FB, 50° FP. 
Alabama: days 
FA TIMISLON cracks siove.d.c <a care nabs « 201 14,882 8,450 7,043 5,033 
IBInMminghariewa sites cote + 0 co 231 16,660 9,268 7,651 5,341 
INGO bil@cweisem tre eieeas ate Oss 279 19,756 10,828 8,875 6,085 
INE OR CP OMELY: con nie G o:s ccs. ant 243 17,618 9,842 8,141 5,711 
Arizona: 
LAP HATTA aa). cee eas oaks 105 6,492 3,132 2,397 1,347 
rca eee eet se ks 283 21,108 12,052 10,071 7,241 
Arkansas: 
Fort STATA 5e lee ae ee 230 16 , 254 8,894 7,284 4,984 
MICGLELROCK ate eaes cee sete. 237 16,749 9,165 7,506 5,136 
lifornia: 
me, Backs OPEL tereieasac@ csces oe 245 Tee 5,216 3,501 1,051 
RESHGe tercomiteicis este. @ Aelawiet ss 258 17 6/4 9,718 7,912 5,332 
Independence vc. soe e005 «10 222 15,003 7,899 6,345 4,125 
NSS PAM CLOR 5 rexniclels o.c.0'525°¢ ieee 334 20,381 9,693 7,355 4,015 
TRCOR DL Uhemt ec nee etc ee ees 264 17,944 9,496 7,648 5,008 
PA CTAMICIILD .aieles ac louups nas Wiese 212 17,368 8,664 6,760 4,040 
SaneE TAneisCOls ca oe co” Giese oss 319 17,819 VOLE 5,378 2,188 
DAI OSO i. oe Bae ale ce sale eae 294 17,745 ae oe ae 
San. Luis Obispo... ..<..s. «.- 260 15,367 3 : : 
ras PaR te te he eta. 153 10,060 5,164 4,093 2,563 
Barranco iabl as hot hna ks 121 7,775 3,903 3,056 1,846 
Grand Junction............. 183 12,554 6,698 5,417 3,587 
Pueblo Stila iticd Her RRC ee 163 10,950 5,734 4,593 2,963 
Sarat eel eee Oo eee 165 10,660 5,380 4,225 2, a 
ING Waa VOI; sil ddices «cc's 180 11,560 5,800 4,540 By, 
Florida: 
i _ 293 20,765 11,389 9,338 6,408 
Tos ee a ee 318 23,721 | 13,545 | 11,319 8,139 
DUPED eee seals de os es sh she ea Bae pd cnet 17°07 14529 10,872 
at hit nh es 285 20,519 | 11,399 9,404 | 8,554 
CUSACOLAM acre ac el ovsters ors.« fs 5 Naleke ye 
PIREVTIN TO Sorat clay dios sia els’-e 0.6 Ce) o101°8. 0155 335 23,909 13,189 3 
Georgia: ees 
5 15, fou 8,531 6,956 
Atlanta miNat ot aitdhy core a ef wale eee. :0i(e fe Rae 16 436 9. 140 7 BAA 5 Dad 
PATI SUNG Aeteictateiersc store: ener sli 06e%8 0 ioe 16'831 9°15 7549 5°169 
een <3 UR Se RO CO or 19988 10’ 258 6,47 5,781 
PRPs Gass ope Gende gor aE eee Hs 
Thomasville.............-++ 257 18,748 10,5 ; : 
ene 177 11,457 5,793 | 4,554 | 2,784 
Sa Stes OR OR OO CRO nae 13030 6566 5°152 3°139 
OiekGonl Goce . canbe Socata : eo oan nae ee 
Rocatcllormeeerie teenie oe 175 10,980 , , ’ 
epee 219 14,750 | 7,966 | 6,482 | 4,362 
Cairo PR Mg Cy cte, cass (antoice usher) 6/2 ea 11’671 5°847 4°573 2753 
(CLG Tey. Aiea coe se ates te 11309 57933 4.757 3/077 
Silas Wn icra cate men are as 12'356 6 404 5°102 3’ 249 
BOHN Ge bid Sony EO ee dot 4 sate Any peo 
Springfielde eerste ase 182 12,44 , , ) 
Peas 700 | 6,279 | 4,249 
: 203 14,196 the ’ ’ 
iENy-amis Ville ones eee sits ees leu aia Neca | hes Beak mast 
Indianapolis........---++++> 136 | ) ) ) , 
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Taste 6.—Summations of normal daily mean remainder indices of temperature efficiency for 
plant growth, for the period of the average frostless season. (Plate 38.)—Continued. 


eS ee 
Direct summation of normal daily mean 
temperatures for period of average 


Length of frostl 
Rue ibaa Bs rostless season. 
season. 
Above Above Above Above 
0° F. 32° F. 39° F. 50° F. 
Iowa: days. 
Charles Citrine ee 133 9,095 4,839 3,908 2,578 
Davenvora ee eee © 174 11,755 6,187 4,969 3,229 
IDYSs} MIG NIE AG oo ocdn ood dor 171 11,594 6,122 4,925 3,215 
Dubaquer hee 176 11,688 6,056 4,824 3,064 
Kackukeee si tere 197 13,215 6,911 5, 532 3,562 
Sine Give ee 146 10,041 5,396 4,347 2.887 
Kansas: 
Concordia ater een tae 173 12,171 6,635 5,424 3,694 
Diode et en ee 181 12,612 6,820 5,553 3,743 
Topskae dee We a oe 189 13,086 7,038 5,715 3,825 
Wichitecee oe hs Ae ges. 194 13,660 7,462 6,094 4,154 
Kentucky: 
Lexington agtones oc ecraseranerroveredohevsrs 187 12,880 6,896 5,587 Bey a Wy 
E Lonisvillotny a). equa = 196 13,791 7,519 6,147 4.187 
oulsiana: 
New Oreste =e eee 310 21,971 1,251 9,881 6,781 
rate ce 252. | 18,228 | 10,164 8,400 5,880 
ailne: 
aetport eRe ee 167 2,119 3,775 |. 2,606 936 
f Portland... 2.00... 2e00s 0 157 2,699 4,675 3,576 2,006 
aryland: 
Balnuore et eee 213 14,281 6,816 5,974 3,844 
Si eae s OREO Saw an cacor 197 13,385 7,081 5,702 3,732 
Poston eee 185 11,630 5,710 4,415 2,565 
wri Namtuckee ee teens 209 12,411 5,723 4,260 2,170 
ichigan: 
Alpena Mate oe ae eee 137 8,330 3,946 2,987 1,617 
Doiroitts ca ea poe 164 10,738 | 5,490 | 4.342 2/702 
ee BGG. eiarork iaterere ate Gate 140 8,536 4,056 3,076 1,676 
ran AVED sw cieisversieais sees 167 10,481 5,137 3,968 2,298 
Crand’Rapida ss fo) coe. eu! 164 10,745 5,497 4,349 2.709 
Houghton tates cc. eames 152 8,979 4,115 | - 3,051 1,531 
Marquette tai. strciietete 140 8,367 3,887 2,907 1,507 
Port Huron..........-.+.... 155 SRL 4,817 3,732 2,182 
a Sault Ste. Marie. omens 138 7,959 3,543 2,577 1,197 
Dulith aerate anaes 152 8,973 4,109 3,045 
1,525 
Moorhead ent aco weston ee 132 8,499 4,275 3,351 2,031 
oe SY aie 159 10,342 5,254 ke er 2,551 
Meridian............+-. 230 16,424 9,064 7 
foridiAns Syersch/osq-ccee ev 2 454 5,154 
Ao eee 252 18,032 | 9,968 8,204 5, 684 
1ssourl: 
Coltimbiaseaere cc oomioeene: 179 12,487 6 
Heguibel 2 oeer earn 183 12,701 oe aes: ea 
Kansas City aa es Sai 196 13,362 6,090 5,718 3,758 
Bt, Louis, fs2sse.ss+ sevens 207 14,395 7,771 6,322 4,252 
wr etinafield eee eee, 12,907 6,923 5,614 3,744 
inLavire’n< smite oie 122 7,811 3,907 
Re ; 3,053 1,833 
Helena faeces 144 8,785 4,177 3,169 1,729 
Kalispell 140 ‘ : 
Kalispell. ...2...seceeesess 8,283 3,803 2,823 1,423 
Fabien, Sc eee 140 9,337 4,857 3,877 2,477 
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TABLE 6.—Summations of normal daily mean remainder indices of temperature efficiency for 
plant growth, for the period of the average frosiless season. (Plate 38.)—Continued. 


————————— ee ee Le re 
Direct summation of normal daily mean 


temperatures for period of average 
! Length of frostless season. 
Station. frostless 
season. 
ree Above Above Above Above 
0° F. 32° F. 39° F, 50° F, 
Nebraska: days. 
Tinoohn SUN A «05 << 174 11,912 6,344 5,126 3,386 
INorth Platte sy. c.c.c4rrrtvten cats 151 10,195 5,363 4,306 2,796 
CEE ae 170 11,723 6,283 5,093 3,393 
Walentina eee oc /..c0hews 132 8,971 4,747 3,823 2,503 
Nevada: 
te oe eee 138 8,649 4,233 3,267 1,887 
RVVIEL CLI CCA etre tsetse siete ar 131 8,641 4,449 3,532 2,222 
New Hampshire: 
Concord geen. one 146 9 , 280 4,608 3,586 2,126 
New Jersey: 
Atlantic City.............5. 207 13,348 6,724 5,275 3,205 
Caper Mayne os ccd thc as se. 186 12,362 6,410 5,108 3,248 
New Mexico: 
Resell Wee alee. 195 14,064 7,824 6,459 4,509 
Cans Home ecco. 187 11,510 5,526 | 4,217 2,347 
New York: : 

RT Se ee 177 11,382 5,918 4,479 2,709 
SIN SHAM TOM ae ecco «crs see ss ee 158 10,088 5,032 3,926 2,346 
Bitsieehr te. 173 10,907 5,371 4,160 2,430 

ne les, 139 8,933 | . 4,485 3,512 
= oe 210 13,422 6,702 5,232 3,132 
ecu tie ue. 175 10,950 5,350 4,125 2,375 
iets a ene ee 171 10,864 5,392 4,195 2,485 
<i) Se 171 10,918 5,446 4,249 2,539 
ae eee 176 11,693 6,061 4,829 3,069 
ATE ontee oe, 6 oa, efeie asa oa 220 15,316 8,276 6,736 4,536 
IELAGEET AS) fate rele cists se = 25 sizes 256 17,650 9,460 7,668 5,108 
an Ss een 213 14,485 8,069 6,578 4448 
WWilkainetomis.c..opeeen- 233 16,359 8,903 7,272 4942 
Me etnverieg ape. oe 129 7,932 3,804 2,901 1,611 
Devils Valiel so. lectl. ++. 121 7,658 3,786 2,939 1,729 
wullsston fev acta. oe ewes 119 7,785 3,977 3,144 1954 
Ohio: 
a eee 194 13,416 7,208 5, 850 3,910 
Cleveland, To a eae 198 12,546 6,210 4,824 2,844 
oh en CR eee pane 184 12,373 6,485 5,197 3,357 
Gurduiticy WUe Arche he oe 195 12,491 6,251 4,886 2,936 
eg 174 11,494 5,926 4,708 2,968 
maori ea reee 214 15,137 8,289 6,781 4,641 
Oregon: ae 
i 7,767 3,703 2,814 i 
en a eee ae eee ve 14,172 6,332 4,617 2,167 
Pee 198 11,848 | 5,512 | 4,126 | 2,146 
Pennsylvania: rg 5 796 
ee ee ee 194 12,232 6,024 ' 
2. ae 196 12,882 6,610 | 5,238 | 3,278 
Meith oo 206 13,629 7,037 5,595 3,535 
Philade Dla eerie etary ons se h08 6°374 5 121 3°331 
Bi ee | ate) 11,804 48,672 | 4,440 |. 2,680 
Rhode Island: | das 2 264 
12,946 5,970 ; 
Bape: Meee tk aviereren ase’ ne 8 isa 2 : ond y red 2’ 854 
Providences........60+..2s+0>> 
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Tas.E 6.—Summations of normal daily mean remainder indices of temperature efficiency for 
plant growth, for the period of the average frostless season. (Plate 38.)—Continued. 


Direct summation of normal daily mean 


Longihot a aiahoal 2 pen of average 
Station. frostless Ones tage 
season. 
Above Above Above Above 
0° R: Bye LE 39° F. 50° F. 
South Carolina: days. 
Ciinrlesteh ae de aes 276 19,470 | 10,638 8,706 5,946 
Colunibiatisst 0-5 fees 231 16,593 9,201 7,584 5,274 
South Dakota: 
Buronns Saeed te.cerhone seine > 134) 8,788 4,596 3,631 PA SPAL 
erie sts 2.5 153 10,387 5,491 4,420 2/890 
Rapid Citys eee 143 9,149 4,573 3,572 2,142 
. Yankton ya ccate sae seeecteete 154 10,470 5,542 4,464 2,924 
ennessee: 
Chattanooga Meralsitstonsincrerte re 207 14,602 7,978 6,529 4,459 
Knoxville OE OMS recente ROT 208 14,229 7,573 Guay 4,037 
Memphis Ban adetsreracateudtotenatenshetts 224 15,712 8,544 6,976 4,736 
z INashvillewess. cee ree 207 14,700 8,076 6,627 4,557 
exas: 
ee Sceeahier a. eee eke Ses eG aie 245 17,536 9,696 7,981 5,531 
mMarillO secs shower 199 13 ,542 7,174 5,781 3,791 
Corpus Christi.............- 298 21,898 | 12,362 | 10,276 7,296 
eR asoeemenee iat Saari eee isa 236 16,819 9,267 7,615 5,255 
Hort: Worthen 261 18,816 10,464 8,637 6,027 
Galveston SDarsratevetolaie wrevarenetarns wi 331 23,538 12,946 10,629 7,319 
Palestine. ween ee eee eee eee 245 17,690 9,850 8,135 5,685 
SanvAntoniOnsec serene 276 20,119 11,287 9,355 6,595 
TH CEE ae Shae yee 254 18,656 10,528 8,750 6,210 
ah: 
IModenaimrcith «ccc cnrschione 130 8,451 4,291 3,391 2,091 
vertlt Lake City) ahi teeae 182 12,078 6,254 4,980 3,160 
Burling toneert cease 143 9,000 4,424 3,423 1,993 
oe Northfield...) ; 4.,52-cen3 126 7,812 3,780 2,898 1,638 
irginia: 
ynechburgencencn see eee 201 13,759 TEVA G 5,920 3,910 
Norfolk Satan otarea Shea oteue toni see 230 15,691 8,331 6,721 4,421 
ee Wescohtac Serer ac 215 14,942 8,062 6,557 4,407 
Week SLajdtecd ai the eee ea Sane 175 if; 544 5,944 4,719 2,969 
North Head oucee sees Rone 316 16,180 6,068 3,856 696 
oe Fils 6: a ve Penscerengoe eer eEe TENS 246 13,770 5,898 4,176 1,716 
agotofeuciata Sheree: Steceke ohetene 202 11,992 
cba tooshi sland pieuieetniee 271 13,623 moe te aac 
Wo vias aes. ohaLe arsenate 216 13,819 6,907 5,395 3,235 
Elkins......... 145 9,521 4,881 
Re re ‘ : 3,866 2,416 
wig eens oO Nat ai 179 12/195 6,467 5,214 3,424 
Green Bay...... 153 9,663 4,767 
Bs a en : 3,696 2,166 
LaCrosse vee. e estes eee 163 10,707 5,491 4,350 2,720 
a ants sPereueuthe sLevtetouemect eee 179 11,370 5,642 4,389 2,599 
Ween OO ciacansvauehe teeters Creer 162 10,191 5,007 3,873 2,253 
Cheyenne...... 119 7,528 3,720 
susqeuehetetttenete ome ; ; 2,887 1,697 
Lander (00: oe eae 108 6,911 3,455 2/699 17619 
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Summations of physiological indices of temperature efficiency (49° F. assumed as having index value of unity) for period of average frost- 
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Charts were made for each of these four series of seasonal efficiency 
indices, but they all agree in the general delineation of the climatic 
zones and only the one for summations above 39° F. is here presented, 
in plate 38'. This chart differs from the corresponding one of Living- 
ston in a few details, but the two are practically identical. 

The increments of seasonal temperature efficiency indices shown on 
the chart of plate 38 are each 1,000 in the East, and the numbers placed 
upon the isoclimatic lines denote thousands. These values may be 
reduced to the corresponding ones based on the centigrade thermometer 
scale by the use of the familiar factor 5/9, the starting-point for our 
summations being 39° F., or 3.9° C. 

The lines of this chart are seen to have a generally west-east direction 
east of the Rocky Mountains, several of them being southwardly 
displaced by the Appalachians. The western mountains produce a 
very great southward displacement, and another considerable dis- 
placement of some lines, in the same direction, appears due to the 
immediate vicinity of the Pacific Ocean. It is interesting to note that 
the area having an index of 7,000 or less extends southward on the 
California coast nearly to the parallel of latitude 33° north, while the 
same area on the Atlantic coast extends southward only to about 35° 
north latitude. 

Most of the country appears to be characterized by these seasonal 
indices of temperature efficiency having values between 3,000 and 
10,000. The region where these indices are less than 3,000 seems to 
occupy northern New England, northeastern Michigan, northern 
Minnesota and North Dakota, western Montana, central Wyoming, 
and the Rocky Mountain system. The region having indices above 
10,000 appears to occupy the valleys of the Gila and lower Colorado 
Rivers, a narrow strip of the Gulf coast of Texas, and the southern 
half of the peninsula of Florida. A closed area with indices between 
4,000 and 6,000 is shown on this chart as occupying a region extending 
from the Columbia River to Great Salt Lake. 

(D) SUMMATION [OF EXPONENTIAL INDICES OF TEMPERATURE EFFICIENCY 
FOR PERIOD OF AVERAGE FROSTLESS SEASON. (TABLE 7, PLATE 39.) 

In applying the exponential method of deriving temperature efh- 
ciency indices from normal daily mean temperature indices as given in 
Bulletin R, we have followed Livingston and Livingston. The efficiency 
index corresponding to each normal daily mean within the period 
of the average frostless season, for each station considered, was 
first obtained from table 5, and then all these indices were summed 
to give the seasonal index in each case. The results of these summa- 
tions, which are the data given on the chart of Livingston and Living- 
ston’s figure 2, are presented in the second column of table 7. 


1 The chart derived from these summations of normal daily means above 32° F. has been 
presented by Livingston. See Livingston, 1913a. 
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Taste 7.—Summation of normal daily indices of temperature efficiency for plant growth, 
for the period of the average frostless season. (Plates 39 and 40.) 


[The mean daily efficiency indices are derived from the corresponding temperature indices, (1) 
by the exponential equation of chemical reaction velocities and (2) by the empirical growth- 
rate coefficients for maize seedlings as found by Lehenbauer for a 12-hour exposure to 
maintained temperature. The temperature efficiency for 40° F. is taken as unity in both 


cases. | 
seg leeag | deg | sg | Fey 
n <a = ng 
Se eet Seco Bene! oa lees 
AS a Oumar, 8 8 & SaBS seg 6 
Ee A REO) dee ol <6 71c cml aes 
See gig 2 ee Gaon 0 pee 
Station. BAS gas faye oe 2-283 ae § 8 
Se weed eed ee Ce Pe Seege Re F 
oo & Es Raw SS icheaee 616 5 3 eos 
5 osc eg | SBE ORs a 
p35 |Sa88e| S828 | Sa2e | Bees 
& [ae] AY [ext ian 
Alabama: 
Annis tOnmeernter 681.8 10.33 12,326 1.75 18.1 
Birmingham...... 816.7 9.37 15,025 1.96 18.4 
IM ObDileserccr:aterertee 963.7 9.21 17,340 1.95 18.0 
Montgomery..... 886.0 9.19 16,511 2.03 18.6 
Arizona: 
Blagstafivee. s+ er 245 .2 9.78 2,652 ibatia 10.8 
IPHOenIK awe. sce 1,183.6 8.51 20,640 2.05 17.4 
Arkansas: 
Hort Smiths... - 789.5 9.23 14,168 1.95 18.0 
Little Rock....... 811.7 9.25 14,567 1.94 17.9 
California: 
DWI, Acs a0 oe 410.1 8.54 2,388 0.68 5.8 
Nes Onrae terete 862.9 9.17 15,007 1.90 17.5 
Independence..... 677.6 9.36 11,228 ue A 16.6 
Los Angeles...... 764.8 9.62 8,451 aye Hiss iO 
Ried Blutie. sce. 844.9 9.05 14,339 1.88 L720 
Sacramento...... 706.1 9.57 9,884 1.46 14.0 
San Francisco. . 586.4 eye 4,122 0.77 MeO 
Sane Jose gure miter 657.9 9.54 7,000 1.12 10.6 
San Luis Obispo. . 500,5 10.44 4,963 0.95 9.9 
Colorado: 
Denveraces nese: 422.0 9.7 6,271 1.53 14.9 
IDurangon ee 311.5 9.81 4,077 1.33 13.1 
Grand Junction. 581.9 9.31 9,921 1.83 are 
‘Pucblosmcacsmancre 477.1 9.63 7,604 1.66 15.9 
Connecticut: 
Hartiord?.. en 436.8 9.67 6,181 1.46 14.2 
New Haven...... 473.3 9.59 6,703 48 14.2 
Florida: 
Jacksonville...... 1,033 -1 9.04 18,791 2.01 18.2 
ANDO Secondo t 1,260.0 8.98 24,872 2.20 107, 
Key West........ 1,541.8 9.42 31,063 2.14 20.1 
Renzacolae cea 1,028.4 9.14 18,914 2.01 18.4 
LNAI D Evista seteere cert 1,175.4 9.23 21,420 1.98 18.2 
Georgia: 
DNA Sm ores, Geran (CYE8 9.43 13,019 1.87 TE. 
NUE, coo cab 6 816.8 9.24 15,134 2.01 18.5 
IMINO A Naa eR ae o 810.3 9.32 14,564 1.93 18.0 
Savannah eee 909.8 9.25 16,407 1.95 18.0 
Thomasville...... 953.8 9.15 17,858 2.05 18.7 
Idaho: 
Boise asharsusleters teats 467.7 9.74 6,716 1.47 14.3 
Lewiston......... 544.5 9.46 8,065 ros 14.8 
Pocatellomesseee 437.4 9.50 5,893 1.42 13.4 
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TaBLE 7.—Summation of normal daily indi Y 
n y indices of temperature efficienc lf 
for the period of the average frostless season. (Plates 39 an DOC oad. a 


soe | 2fas | S84 S28 S24 
353 ~OEa oe ng nd 
ein Soe. |S 3s 8.28 gs 8 
Wee ae Se 3 ge Soes | B38 
aoa fazed | 38s Hie ace are 
Station. re 8 gd 2 fap E2o2 A 8 
oF g.A oy ey gl Sas 3S aa 
[=e =) ae Sau Oo amo ath oo 
oZo ie ee mwe gs Ola ie o'8.8 
ag? woe 88 og a 9 S633 s3oad 
of 8 ogme s Za3% BES a EB 
3s “a n ol 
ce |SERe2| 2228 | S282 | Ses 
ica) ae] AY [act fon 
Illinois: 
CRITO Sass aoe See 691.8 9.37 12,122 1.82 17.5 
Chicago yee 479.6 9.54 6,892 cha! 14.4 
Da Sallon.cs ncaa ss 496.3 9.58 7,975 1.68 16.1 
IPEOTINS ee ale eee 535.8 9.52 8,466 1.66 16.1 
Springfield....... 562.7 9.50 9,464 Aare 16.8 
Indiana: 
Evansville........ 672.6 9.34 11,879 1.89 If Ch 
Indianapolis...... 567.3 9.41 9,441 St 16.6 
Towa: 
Charles City...... 403.1 9.69 6,630 1.70 16.5 
Davenport....... 519.6 9.56 8,464 1.70 16.3 
Des Moines...... §14.3 9.58 8,417 boy 16.4 
PIUbUAUC? ss-eces om 503.6 9.58 7,865 1.63 15.6 
Keolkikw...c08-00% 588.8 9.40 9,681 1.75 16.4 
Sioux Cify....... 450.5 9.65 7,548 1.74 16.8 
Kansas: 
Concordia........ 575.8 9.42 10,206 1.88 ee 
MIOUZC janice cea w 589.6 9.42 10,308 1.86 17.5 
PE ODEN Aart aceuckererss 607.5 9.41 10,546 1.85 17.4 
IVVTOHIUGS otisiee vole te che 650.8 9.36 11,563 1.90 17.8 
Kentucky: 
WeXINGEOD ci0\03 0» « = 588 .2 9.50 10,051 1.80 il¢fcal 
Mouisyville c-ssereitisn 651.8 9.43 11,581 1.89 17.8 
Louisiana: 
New Orleans...... 1,077.3 9.17 19 ,323 1.96 18.0 
Shreveport....... 921.0 9.12 17,023 2.03 18.5 
Maine: 
GSU DOL Us «is <class 299.3 8.71 2,102 0.80 to) 
Portland techie StiEo 9.63 4,362 1.22 ila bewe 
Maryland: 
Baltimore........ 635.9 9.39 10,457 1.75 16.5 
Washington, D.C. 602.6 9.46 10,087 aL Vere 16.8 
Massachusetts: 
3 OStON wrestesaierere (ele 462.5 9.55 6,157 1.40 13.3 
Nantucket....... 459.0 9.28 5,032 1.18 11.0 
Michigan: 
BA TIDENA eostcre. susvere.s > 310.1 9.63 3,277 1.10 10.6 
Detroit as otc: 448.5 9.68 6,622 1.53 14.8 
HEscanaba........ 319.7 9.62 3,472 1.13 10.9 
Grand Haven..... 412.3 9.62 5,283 1.33 12.8 
Grand Rapids.... 450.4 9.66 6 , 687 1.54 14.8 
Froughtoneane aes 323.8 9.42 3,147 1.03 9.7 
Marquette....... 304.7 9.54 3,019 1.04 9.9 
Port Huron...... 385.0 9.69 4,884 tod 12.6 
Sault Ste. Marie. . 276.1 9.33 2,322 0.90 8.4 
Minnesota: 
Duluthew eater 325.8 9.35 3,299 1.08 10.1 
Moorhead........ 333.9 9.84 4,283 1.28 12.8 
StiPaulle sees ce « 428.7 9.66 6,230 1.50 14.5 
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Tapp 7.—Summation of normal daily indices of temperature efficiency for plant growth, 
for the period of the average frostless season. (Plates 39 and 40.)—Continued. 


Wt + 1 = Bee 2 10) LO) 
Re ae OM el preg Poets | cei 
82 |S9-8 | 8&2 | B83 | 338 
ee | soy | 28s Ae es 
Seem eee Shuey eee eee 
Station. a7 & Ea 6 Bow a amo8 ao 8 
20 6 2B agg | BUSS | sBea | ssas 
af & wo. & B o.630 ols 0 ea is 
ofS ogee} eae” on ass ste 
o “= OH cas 
cd: |Sieee| $888 | $488 | Bags 
ica] laa Ay & ia 
Mississippi: 
Meridian........- 800.6 9.31 14,565 1.95 18.2 
Vicksburg 892.6 9.19 16,194 1.97 18.1 
Missouri: 
Columbia eee 583.8 9.43 10,241 1.86 1726 
Eiannibelaveisemere 585.4 9.50 10,189 1.83 17.4 
Kansas City...... 612.8 9.33 10,368 1.81 16.9 
Stl Ouisse emer 677.6 9.33 11,868 1.88 iid 
Springfield....... 588.8 9.53 10,031 1.79 Lied 
Montana: 
IE sects eceereertene 311.8 9.79 4,036 ioe 12.9 
Helenacrcy essere Seilag 9.57 3,710 1.17 1189 
Kalispell... .2..-% 297 .2 9.50 2,827 1.00 9.5 
Miles City....... 402.2 9.64 6,253 Te6L 15.6 
Nebraska: 
imcolnaiey ester 538.9 9.51 9,062 at Wi 16.8 
North Platte..... 446.7 9.64 7,192 1.67 16.21 
Omahageern ere 534.7 9.52 9,087 1.78 Tore O) 
Valentines ste 394.5 9.69 6,393 1.67 16.2 
Nevada: 
(GLO wt cme See 338.5 9.65 4,134 ied 122 
Winnemucca..... 364.7 9.68 5,463 1.55 15.1 
New Hampshire: 
Concorde 368.0 9.74 4,724 1.32 12.8 
New Jersey: 
Atlantic City..... 544.2 9.69 7,878 1.50 14.5 
@ape May acer 533.5 9.57 8,417 1.65 15.8 
New Mexico: 
[Ros well aaa naees 678.4 9.52 12,448 1.93 18.4 
Santasblen-eieseicr 442.5 9.53 5,350 1.30 12.0 
New York: 
IMS ROBT 5 S00 o'b oc 466.3 9.61 6,633 1.49 14.3 
Binghamton...... 404.4 Chval 5,399 1.38 1323 
Butialomemmcsaiee 433.8 9.59 5,761 1.39 Rw 
Canton senna 358.5 * 9.80 AAS) 1.34 13a 
INGws VOrk ceetear 554.4 9.44 8,104 ico 14.6 
ORGS naeocunee 430.3 9.59 5,524 1.34 12.8 
Rochester........ 434 .6 9.65 5.807 1.38 13.3 
SVMPACUSON ani aati 440.4 9.65 6,022 1.43 Sled 
North Carolina: 
Asheville......... 495.4 9.75 7,504 1.55 toad 
Charlottes. .....5 Ces 9.39 12,554 1.86 Lied 
Hatteras. see ce 804.9 9.52 LUBY real 1.80 ale (a 
Raleigh meceeeeer 700.3 9.39 12,329 1.88 17.6 
Wilmington...... 769.0 9.46 13,561 1.87 17.6 
North Dakota: 
IBismisrc ome eee 342.4 8.47 4,792 1.65 14.0 
Devils Lake...... 3012 9.76 3,754 1.28 12.5 
Wallisto ne) 320.5 9.81 4,508 1.46 14.1 
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TaBLE 7.—Summation of normal daily indices of tem ; 
’ ; perature efficiency for plant growth 
for the period of the average frostless season. (Plates 39 and ri eal eal , 


83d | g8as S54 S25 SS4 
soa |38ea pee aga 2 A 
ABS a’ os oO 4 Soa eos 
On s) ® § wp say meyajst sc Bok 
Berea ecoee | Sa =| Eafe | sae 
hae] ao oO q 36 2 = 0 
Station. <8 Eee a8 g ere aga 
239 Hie ie eee) et |e eee 
ca) ms AY a oa 
Ohio: 
Cimemnatiz. see o 620.2 9.43 10,725 1.83 vie: 
Cleveland... 227... 508.9 9.48 7,151 1.48 14.1 
Columbuss..00 +. 543.9 9.56 8,799 1.70 16.2 
Sandusky: see. 524.8 9.31 7,766 1.59 14.8 
rBoledowas atone a. - 489.5 9.62 7,508 1.59 1553 
Oklahoma: 
Oklahoma........ 729.9 9.29 13 ,098 1.93 17.9 
Oregon: 
Baker City........ 290.7 9.68 3,116 Leet 10.7 
(Portland. <5. Ge... 502.9 9.18 4,780 1.04 9.4 
Roseburg. cscccn. = 429.3 9.61 4,465 1.09 10.4 
Pennsylvania: 
FIO Ice oe oe oe 491.2 9.50 6,741 1.45 ileal 
IMarrisbure a. o..ce 546.4 9.59 8 , 367 1.60 15.3 
Philadelphia...... 591.7 9.46 9,397 1.68 15.9 
Pittsburgs.. 25. . 532.9 9.61 8,659 1.69 16.3 
Scranton.sse.. ss 460.8 9.64 6,463 1.46 14.0 
Rhode Island: 
Block Island..,... 481.7 9.22 5 , 447 ee ala be} 
Providence....... 500.9 9.49 7,241 1.52 14.5 
South Carolina: 
Charleston... ..- 946.4 9.20 16,874 1.80 17.8 
Columbisgkene. ses» 823.3 9.21 15,140 2.00 18.4 
South Dakota: 
HAVIT ONG ates ne were, © 369.8 9.82 5,604 1.54 15.2 
PICKTC eer each 461.8 9.57 7,566 eee 16.4 
Rap City... +. 370.1 9.65 5,059 1.42 13.6 
LYanktomts 2 acre ec. 464.4 9.61 7,616 il ei(ik 16.4 
Tennessee: 
Chattanooga..... 692.5 9.43 12,395 1.90 17.9 
Knoxvillemer.. a. 2: 643 .6 9.50 10,886 1.78 16.9 
Memphis......... 788.0 8.85 14,392 2.06 18.5 
Nashville.....-... 710.9 9.32 12,886 1.95 18.1 
Texas: 
tAibil eneitectess ocere oe 873.6 9.14 15 ,937 2.00 18.2 
PAmmarillomee ccs: « 598.9 9.65 10,668 1.85 17.8 
Corpus Christi... . 1,131-9 9.08 21,392 2.08 18.8 
PGP AsO acc pies 826.8 9.21 15,043 1.98 18.2 
Fort Worth....... 961.0 8.99 17 ,652 1.88 18.4 
Galveston........ pe es 9.04 21,163 1.99 18.0 
IPalestineuenieictee ss 888.8 9.15 16 , 4638 2.02 18.5 
San Antonio...... 1,027.8 9.10 19 , 202 2.08 18.7 
MNES (0) de ane CRO 963.5 9.08 18,200 2.08 19.0 
Utah 
1M Kors CST A SE tien 345.9 9.80 4,826 1.42 13.9 
Salt Lake City.... 529.3 9.41 8,416 1.69 15.9 
Vermont: 
Burlington....... 352.1 9.72 4,341 iL Rf B93? 
Northfield........ 297.6 9.74 3,348 1.16 ahh es} 


ae ee asec |e we ode | ieee ee et ee eee eee 
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L ily indt J lant growth 
7.—Summation of normal daily indices of temperature efficiency for p , 
So for the period of vi average frostless season. (Plates 39 and 40.)—Continued. 


ay is LO tre OD x 8 oe i by ae 4 
PCM ont DiC iat ie 23 833 
Rie eae ata ae $8 & Seen | teas 
=A Dias =—g9 8 ea gv, 
3S & 3.o 3 vv 3.0 ga © ao—- 0 
382 BES Bea ee 48 a 38a 
Station. Pe: BA-gs Eau g aos 8 9 
oS © 8 oa a be eee seen sSe3 
a & 20 wd. 8B of o oo 8 ofg¢ 
off ©. rye | ets oe eas Boe 
8 9 odo ad | won eB OoPes OPES 
Ass aa tony a Boo w sas g Sao 
x 2 8 So lo pice Band 3 Aa. 3 aS 
a) aa Ay fa foe 
Virginia: Ae: 
Lynchburg....... 626.2 9.45 10,631 1.80 : 
INorifol kivecwiierteken: 718.0 9.36 12,194 1.81 17.0 
Richmond........ 702.8 9.33 12,305 1.88 17.5 
Wytheville....... 487.0 9.69 Upens: 1255 15.0 
Washington: 
North Head...... 496.3 edie 2,693 0.70 5.4 
Seattle aie <itsret 462.2 9.04 3,692 0.88 8.0 
Spokanesenmacise 446.3 9.22 5,059 1723 11.3 
Tatoosh Island... 407.8 7.49 1,947 0.65 4.8 
Walla Walla...... 573.3 9.41 8,378 te 55 14.6 
West Virginia: 
IBilisin gop evereiereucin ater 395.2 9.78 5,685 1.47 14.3 
Parkersburg...... 543.9 9.59 9,009 P73 16.6 
Wisconsin: 
Green Bay....... 382.2 9.67 4,942 1.34 12.9 
LaCrosse......... 449.9 9.67 6,705 1.54 14.9 
Miadisonmer ict 460.9 9.52 6,434 1.47 14.0 
Milwaukee....... 403.2 9.61 5,261 1.36 iS 
Wyoming: 
Cheyenne........ 295.3 9.78 3,640 1.26 12.3 
Isanderee eres: 215.0 9.80 3,548 1.31 12.9 


It is seen at once that the values given in the first column of table 7 
are much smaller than are the corresponding ones of table 6. Living- 
ston and Livingston made a study of the ratios obtained by dividing 
each exponential seasonal index by the corresponding remainder index, 
derived by using the constant difference of 39, and the resulting ratio 
values are here reproduced in the third column of table 7. 

The chart of our plate 39 presents the climatic zonation exhibited 
by the summations of efficiency indices derived by the application of 
the exponential method (Van’t Hoff-Arrhenius principle of chemical 
reaction velocity), and it is essentially the same as the second chart 
(fig. 2) of Livingston and Livingston. 

In a general way, the two charts of plates 38 and 39 agree in the 
positions and directions of the isoclimatic lines, but they differ in a 
number of details. A somewhat thorough comparison of these two 
charts has been made by Livingston and Livingston, using the ratio 
of the value of one index to that of the other (column 3 of our table 7 ye 
and they present a chart of these ratios as their third figure, which we 
do not here reproduce. As has been pointed out, these authors con- 
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clude from their study of these two methods of estimating temperature 
effectiveness that the method that derives efficiency indices by sub- 
tracting 39 from each daily mean temperature index gives, “in a 
broadly general way, and for most of the area of the United States, 
nearly the same climatic zones” (loc. cit., p. 375) as those given by 
summations of temperature efficiencies based on the chemical coeffi- 
cient of 2.0. Nevertheless, these authors point out that “the similarity 
between the results derived by these two methods of temperature 
integration is, however, only superficial and roughly approximate. 
The ratios of direct summation (above 39° F.) to chemical efficiency 
summation, range in magnitude, for the mean frostless season in the 
United States, from a minimum of 7.49 to a maximum of 10.44.” 
Their chart (fig. 3) shows clearly that these ratio values (column 3 of 
our table 7) are to be considered as some sort of climatic measure. The 
marginal regions of the United States are frequently characterized by 
low ratio values and the two main mountain systems seem to have 
high ratio values. For most of the area of the country the ratio of the 
summation index derived by the method of subtraction, to the index 
derived from the chemical coefficient, has a value of about 9.5, and the 
assumption of this as a constant ratio between the two indices does not 
introduce very large errors for most of the area with which we are 
dealing. 

The feature of these chemical efficiency indices that should attract 
our attention, however, is their relative values; according to the funda- 
mental assumptions upon which these efficiency indices are based, 
these values should be proportional to the amounts of plant accom- 
plishment within the frostless season, at the corresponding localities. 
Thus, referring to plate 40, if plant production in the region of East- 
port, Maine, has a value of 300 for the average frostless season at that 
station, that in the vicinity of Jacksonville, Florida, should have a 
value of 1,000 for the frostless season there. The extreme range of this 
seasonal temperature efficiency, as shown by the chart of plate 39 and 
by table 7, column 2, is from 276 (Sault Ste. Marie, Michigan) to 1,538 
(Key West, Florida), or from unity to about 5.6. By the remainder 
indices (plate 38, table 6), the corresponding range is from 3,543 to 
17,077, or from unity to about 4.8. It is thus brought out that, while 
one method of deriving efficiency indices would lead us to expect only 
4.8 times as much plant activity at Key West as at Sault Ste. Marie, 
the other would lead us to expect this ratio to have the value 5.6. Since 
the physiological indices of temperature efficiency promise to be much 
more valuable in climatological study than either of the kinds of 
indices so far applied in our study, we need not here enter further into 


this comparison. 
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(E) SUMMATIONS OF PHYSIOLOGICAL INDICES OF TEMPERATURE EFFI- 
CIENCY FOR PERIOD OF AVERAGE FROSTLESS SEASON. (TABLE 7, 


PLATE 40.) 


The physiological indices here employed, as indeed the summations 
themselves, are reproduced from Livingston’s paper (1916, 1) already 
cited. For each normal daily mean within the period of the average 
frostless season the corresponding physiological index was obtained 
from Livingston’s tabulation (our table 5, Fahrenheit scale), and all 
the indices thus obtained were summed for each station considered. 
The seasonal physiological indices of temperature efficiency thus 
obtained are reproduced in column 4 of our table 7. In the same table 
are also given the ratios of the physiological seasonal index to the 
corresponding remainder index (above 39° F.; column 5) and to the 
exponential seasonal index (column 6). 

The geographical distribution of the seasonal indices of temperature 
efficiency, physiologically derived, are shown on the chart of our plate 
40, the lines of which are reproduced from Livingston’s paper (1916, 1). 
As that writer states, the general delineation of climatic zones is here 
much the same as in the case of the other two kinds of summations. 
The lines again show a general west-east trend, and are again displaced 
southward in the vicinity of the oceans (especially on the west) and of 
the mountain systems. A cursory glance at these three charts of tem- 
perature efficiency summations for the period of the average frastless 
season (plates 38, 39, and 40) shows them to be so generally similar 
that one might almost serve for either of the other two, as far as the 
forms of the various climatic zones is concerned. Which method of 
derivation of the efficiency indices is used seems not to be of great 
importance in the general seasonal result. As far as present knowledge 
goes, then, one method appears to be as satisfactory as either of the 
others in this respect. 

The authors of these methods have discussed some of the main 
features wherein these three charts differ in detail, and we do not need to 
enter deeply into this matter here; but the following points may receive 
brief mention. The actual values are much lower in the case of the 
exponential indices (plate 39) than in either of the other cases (plates 
40 and 41). Furthermore, the values obtained by the remainder 
method are generally, but not always, somewhat smaller than those 
derived from the Lehenbauer measurements for maize growth. It is 
not possible, however, to reduce the values of one of these three series 
to those of another, by employing any constant ratio, as is shown by 
the variations in each of the three sets of ratio values given in table 7. 
For convenience, we may represent the summation by the remainder 
or difference method (above 39° F.) by D, that by the exponential or 
chemical method by C, and that by the physiological method (based 
on growth of maize seedlings) by G. We find (table 7) that the aver- 
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age value of D/C is 9.44 and that this value ranges from 7.49 to 10.44. 
Similarly, the average value of G/D is 1.60, the range being from 0.65 
to 2.20, and the average value of G/C is 15.0, the range being from 
4.8 to 20.0. While the first ratio value D/C shows a geographic varia- 
tion that is not apparently related to temperature conditions (Living- 
ston and Livingston, 1913), both of the other ratio values, G/D and 
G/C, exhibit a variation that is obviously related to temperature, and 
the charts of these values (not here reproduced) appear very much 
alike and also very similar to the charts of the summations themselves, 
as far as the direction of zonation is concerned. 

The main differences between these three summation charts, that 
require attention at the present time, have to do with the relative 
magnitudes of the summation or seasonal efficiencies indicated for the 
various stations. By the remainder method (table 6, plate 38) the 
seasonal temperature efficiency of southern Florida is about four times 
as great as that of middle New England. By the exponential method 
this ratio appears to be about 3.7 (table-7, plate 39), and by the 
physiological method it is 6.1 (table 7, plate 40). Which of these three 
ratios most nearly expresses the actual relation between the seasonal 
temperature efficiency for middle New England and that for southern 
Florida can not be determined without much more knowledge than is at 
present available. The ratios just given show clearly that the physio- 
logical method indicates a much greater range of seasonal temperature 
efficiency throughout the country than is indicated by either of the 
other methods, but whether this greater range is also represented by 
corresponding differences in plant growth must be left an open question 
for the present. As has been stated, we follow Livingston in deeming 
it highly probable, for various theoretical reasons, some of which have 
been expressed above, that the physiological method of obtaining 
efficiency summations for temperature will prove of more service than 
either of the others. 

Attention should finally be called to the fact that the chart of our 
plate 40 brings out five zones or provinces of temperature efficiency 
for plant growth. These zones are somewhat similar to those shown 
on plate 34, but the present chart is of course much less detailed. 


(F) ABSOLUTE TEMPERATURE MAXIMA. 


The absolute maximum temperatures as given in the Summary by 
Sections were placed upon a chart and isotherms were drawn for 100° 
and 110° F. Most of the area of the United States was thus shown to 
lie between these two lines. It is a remarkable fact, and one that 
emphasizes the importance of the duration factor in climatology, that 
there is, on the whole, so little variation between the highest tempera- 
tures on record throughout the country. The following list of stations 
and their highest observed temperatures (according to the Summary) 
are given here merely as an illustration of the fact just mentioned: 
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oR: OF; 
Houghton, Miche... «.%- 103 Vicksburg, Miss.......35. 101 
Ishpeming, Mich.......... 98 Natchez, Miss3.n7 eee. >: 105 
Escanaba, Mich.......... 100 New Orleans, Wia.es ser «<4 - 102 
Billings) Monteses eee 112 Galveston. Dex:ce)- eer 98 
Havres Monts se cies anatee 108 Silver City, N. Mex....... 103 
C@hicagoy Ll wreteiet cueeer= 103 TTampage lass poeta. re cre 100 
Garo Ollae teeter erste ntentente 106 Miamnv, blaeee. aan cee se rd wo 


The area characterized by maxima of less than 100° F. comprises 
northwestern Washington and coastal points on the Pacific north of 
about the fortieth parallel of north latitude, central Idaho, western 
Montana and Wyoming, northern Minnesota, northwestern Wis- 
consin, and the entire northern peninsula of Michigan, some of the 
western and not so much of the eastern margin of the southern penin- 
sula of the last-named State, eastern Ohio, the northern half of Pennsyl- 
vania, the Appalachian area south of about the thirty-eighth parallel, 
all of New York, the western half of New England, Atlantic coastal 
stations from southern Maine to North Carolina, the southern third of 
Florida, and a few coastal stations on the Gulf of Mexico. Besides the 
area thus described, there are several restricted areas of maxima below 
100°, the main ones of which occupy the regions of the Sierra Nevada 
and of the Rocky Mountains. It is thus clear that only a very small 
portion of the United States has been characterized, during the periods 
of record, by maxima below 100° F. 

The area characterized by maxima of 110° or above comprises local- 
ized sections, the main ones of which are as follows: (1) the southern 
third of California, the great Sacramento-San Joaquin Valley, and 
Arizona south of the great plateau; (2) western Texas and the Rio 
Grande region; (3) southwestern North Dakota, northwestern and 
southeastern South Dakota; (4) western Kansas, south central Ne- 
braska and northwestern Oklahoma; (5) northeastern Arkansas, south- 
eastern Missouri, southwestern Illinois, and a little of northeastern 
Missouri, and southeastern Iowa. 

It seems clear that the variation in absolute maxima throughout the 
country is so slight that this criterion can be of no practical use for our 
present purpose. Of course, it is patent that the lengths of the periods 
of observation are very unequal for the different stations, and it seems 
probable that, with much longer periods, the absolute maxima will 
approach about 110° F. for approximately the whole country. 


(G) ABSOLUTE TEMPERATURE MINIMA. (PLATES 41 AND 42.) 


A chart of the absolute minima of temperature (as these are given 
in the Summary by Sections) was prepared in the same manner as was 
that of the absolute maxima. This chart brings out some rather 
definite climatic relations, and appears to be valuable for our purpose; 
it is therefore here reproduced as plate 41. The Fahrenheit intervals 
have been so chosen in the making of this chart that they correspond 
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as far as records show). Numerical data are degrees F. Narrow lines divide the map into five differently 


shaded areas. Broad lines are the vegetational boundaries of plate 2. 
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to centigrade intervals of 10°, between the extremes of 0° and —40°. 
Thus, there appear 5 lines, representing 32° F. (0° C.), 14° F. (—10° 
C4 F207 C:);— 22° Fi (—30° C.) and’—40° F. (—40° C.). 
No attempt has been made to smooth the lines; they represent, as 
nearly as possible, the actual data given in the Summary by Sections, 
the topography being also taken into account, as usual, in the placing 
of the lines. The five different zones are shown by different patterns 
in plate 41. There is only one station with a value of over 32° F. 
(Key West, Florida), so that no temperature province for values 
above 32° is shown. 

Plate 41 shows that the isoclimatic lines based on this criterion have 
generally the usual east-and-west trend of temperature lines. Here 
they are markedly displaced to the northward in the vicinity of either 
ocean. Southward displacement by the mountains is also more or less 
pronounced. The regions with absolute minima above 14° F. contain 
most of the popular winter resorts. 

The United States Weather Bureau chart showing the lowest tem- 
perature ever observed! is here reproduced as plate 42, for comparison 
with our plate 41. The increments represented by the lines are each 
10° F. It is seen that this chart agrees with ours in its main points, 
but that its lines have been subjected to an effective smoothing, so 
that they are much more regular than those of plate 41. 

(H) AVERAGE DAILY NORMAL TEMPERATURE FOR COLDEST 14 DAYS OF YEAR. 
(TABLE 8, PLATE 43.) 

Since the absolute minima of temperature do not furnish an indica- 
tion of the intensity of cold usually encountered at the various stations, 
it seems desirable to employ some normal temperature mean that may 
represent this. We have chosen for this purpose the average of the 
normal daily means for the 14 days having the lowest normal daily 
means, as given in Bulletin R of the United States Weather Bureau. 
It is to be noted that this 14-day period does not include the same days 
for the different stations, so that this climatic feature may be expected 
to be somewhat different from the mean temperature of some uniform 
period, such as the first two weeks of January, etc. The nature of the 
normal daily means of Bulletin R is such that it is impossible always to 
select 14 days as representing the lowest values. Thus, for Anniston, 
Alabama, the normal daily mean is 42° F. for all days from December 
27 to January 24, and the average of any 14 of these 29 days remains 
42°. In table 8, which gives these averages, the first and last dates of 
the period considered are given for each station. Wherever the period 
includes more than 14 days the normal daily mean is constant (and the 
same as the average given) for the entire period. When a 14-day 
period includes several values of the normal daily mean, the day repre- 


19. S. Weather Bureau, Chart of lowest temperatures ever observed. (To and including 
1914.—Letter from Professor C. F. Marvin). 
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senting (as nearly as possible) the middle of the shorter period having 
the minimum value is taken as the seventh or eighth day of the 14- 
day period, by which method the position of this period in the calendar 
is determined closely enough. 

The data given in the last column of table 8 are represented by the 
chart of plate 43, on which the isotherms are shown for increments of 
5° F., from 0° to 60°. The climatic zonation is here seen to be generally 
similar to that of the other temperature charts, but there are differences 
of detail. 


TaBLe 8.—Average normal daily temperatures for the coldest 14 days of the year. (Plate 43.) 


[The period is frequently more than 14 days in length. Where this is true the daily normal 
is constant throughout the period given.] 


Station. Period. Temp. Station. Period. Temp. 

Alabama: °F. || Illinois: °F. 
Anniston......... Dec. 27 to Jan. 24 42 CRITO aoe Roe aeiec ss Dec. 30 to Feb. 3 35 
Birmingham...... Jan. 1 to Jan. 22 45 Chicago ta.e sa. cree Jan. 17 to Feb. 4 23 
IM(Obil6 aeraecccarenresraes Jan. 2 to Jan. 15 49 ha Salle.n ae tcmieret Jan. 14 to Jan. 27 21 
Montgomery. «s0+>| Jec..30 to Jan. 14 47 Peoria. suede ieacs Jan. 3toFeb. 2 23 

Arizona: Springfield........ Jan. 9 to Jan. 29 26 
Flagstaff wpe yahereney ese Dec. 28 to Jan. 14 26 Indiana: 

Phoenix skye + Dec. 31 to Jan. 13 50 Evansville........ Jan. 3 to Jan. 24 32 
YUMA hes stocusebreas Dec. 27 to Jan. 16 54 Indianapolis...... Jan. 4 to Jan. 28 28 

Arkansas: Towa: 

Fort Shot G4 aan Jan. 3 to Jan. 25. 38 Charles City...... Jan. 7 to Jan. 26 11 
Little Rock Se ao oe Jan. 4to Jan. 17 40 Davenport........ Jan. 13 to Jan. 26 20 

California: Des Moines....... Jan. 8 to Jan. 26 20 
BHurekays. cece ares Jan. 26 to Feb. 8 46 Dubuquess. sacs Jan. 5to Jan. 26 18 
PGsnO sete aie tes Dec. 24 to Jan. 20 45 Reo kale 5% sche cicte Jan. 10 to Jan. 23 23 
Independence. .... Dec. 24 to Jan. 19 40 SiOUXi Cit yice sc ise Jan. 11 to Jan. 24 15 
Los Angeles....... Jan. 4to Feb. 5 53 Kansas: 
edi Blutteneeccires Dec. 31 to Jan. 13 45 Concordia..< .. +. - Jan. 6to Jan. 25 24 
Sacramento aiShe| avereye Dec. 21 to Jan. 17 45 Dodgercsosscnkis « Jan. 2 to Jan. 23 27 
San Diego. MAD coehery Dec. 29 to Feb. 12 54 TTPOPCKAS ve ccriete stele Jan. 9 to Jan. 21 25 
San Francisco..... Dec. 30 to Jan. 16 49 Wa Chitta,..ccste.ccete mee Jan. 10 to Jan. 23 29 
San Jose. weeee ees Dec. 28 to Jan. 22 48 Kentucky: 

San Luis Obispo...| Dec. 29 to Jan. 31 51 Lexington........ Dec. 31 to Jan. 31 33 

Colorado: Louisville. 5. iresrers Jan. 7toFeb. 2 34 
Denvercanecs oe Jan. 8toFeb. 3 29 Louisiana: 

Durango. . te eeees Jan. 1 to Jan. 20 24 New Orleans...... Dec. 23 to Jan. 27 53 
Grand Junction...| Jan. 2 to Jan. 19 24 Shreveport........| Dec. 28 to Jan. 25 46 
Pueblo SMSTA eieralls: aie GL Jan. 3 to Jan. 31 29 Maine: 

Connecticut: Hastportices. scsi Jan. 5toFeb. 9 20 
Hartiordsnwasaeae Jan. 13 to Jan. 29 25 Portland.s..<..05 os Jan. 18 to Jan. 31 22 
New ielav.eneearee Jan. 10 to Feb. 7 ON Maryland: 

Florida: : Baltimore snes Jan. 13 to Feb. 6 33 
Jacksonville Ra everte, Dec. 19 to Jan. 28 54 Washington, D. C.|} Jan. 13 to Jan. 26 33 
PUDLtOIn are renreiereier: Dec. 31 to Jan. 22 64 Massachusetts: 

Key West........ Dec. 22 to Jan. 31 69 IBOStONE sia oes cont Jan. 19 to Feb. 5 26 
Pensacola. .scsecn. Dec. 28 to Jan. 22 52 Nantucket........ Jan. 4 to Feb. 15 32 
pea i Srattacahopebataneha Jan. 1 to Jan. 20 57 Michigan: 
eorgia: Alpendic. ie seeuw nk Jan. 27 ' 
ae oreo oat eee Jan. 1 to Jan. 25 42 Detroit salgethevein clare Jan. 23 S ree - as 
ees eegbahcieialars Dec. 17 to Jan. 29 46 HISCANA Da eememcierae Jan. 12 to Feb. 10 14 
eae i afotecok Bice Dec. 29 to Jan. 15 45 Grand Haven..... Jan. 23 to Feb. 8 23 
a acta cy Dec. 21 to Jan. 28 50 Grand Rapids..... Jan. 13 to Jan. 26 23 
Ree Walesa crieten« Dec. 30 to Jan. 12 50 ees Seay hee fateh s Jan. 13 to Feb. 3 14 
D+ arquette........ Jan. 17 to Feb. 14 il 
ein a Srite MrnGse See ce S z an. on 4 a Groner Jan. 17 to Feb. 14 at 
shaven avtatehevers H an. a r lone . 
Pocatellon- eee Jan. 3 to Jan. 29 25 tiaseaee eee: Seti te 
Duluthy case Jan. 10 to Feb. 1 10 
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TABLE 8.—Average normal daily temperatures for the coldest 14 days of the year. (Plate 43.)—Cont’d. 


Station. 


Minnesota—Cont’d: 


Roseburg......... 


. 29 to Jan. 


Period. 


IM Oorhead sy. 2 se). Jan. 13 to Jan. 26 
StsPaul sy. cecket Jan. 10 to Jan. 23 
Mississippi: 
INeeridian ers saat Jan. 3 to Jan. 16 
Wicksburgs...¢.. « Jan. 5 to Jan. 18 
Missouri: 
Golimbiaeencs see Jan. S8toFeb. 1 
iannibalicse. sect Jan. 13 to Jan. 26 
Kansas City...... Jan. 6 to Jan. 29 
Lp VOUIS eek a cee Jan. 10 to Jan. 23 
Springfield........ Jan. 8to Jan. 29 
Havreem,. oorcese Jan. 12 to Feb. 7 
elena. ce ec ce sess Jan. 5to Feb. 5 
igalispell rarectte erste Jan. 6 to Jan. 19 
Miles: Citysccc. << Jan. 14 to Feb. 1 
Nebraska: 
ATICOIN: sacs cree Jan. 5 to Jan. 28 
North Platte...... Jan. 15 to Jan. 28 
Omaha sere stevens ccs Jan. 9 to Jan. 25 
Valentine........ Jan. 6toFeb. 1 


IERENO'Sire fone eisiere eras sre Dec. 24 to Jan. 18 

Winnemucca...... Jan. 1 to Jan. 14 
N. Hampshire: 

Concord. cmc es 60% Jan sto Jans of 
New Jersey: 

Atlantic City...... Jan. 15 to Feb. 10 

Pape’ Mavic... Jan. 28 to Feb. 11 
New Mexico: 

OS Wellin erate 6 Dec. 30 to Jan. 26 

Santa He... sass Dec. 29 to Jan. 19 
New York 

PAV DANY dices cie.rtareo Jan. 13 to Feb. 9 

Binghamton....... Jan. 3to Feb. 6 

Alone moe cre creo Jan. 29 to Feb. 12 

Canton oncchs ots Jan. 8toFeb. 7 

RGHAOR ese f ors, csicte« Jan. 3 to Feb. 10 

INGwLYVOrkK Sor ass Jan. 6 to Feb. 15 

OSWEGO es cle oh o's Jan. 22 to Feb. 14 

Rochester. <) cic s.e ° Jan. 24 to Feb. 12 

SUracusen sa «st. Jan. 22 to Feb. 4 
N. Carolina: 

Asheville......... Jan. 3 to Jan. 20 

Gharlottecs... 2... Dec. 29 to Jan. 21 

EL aGbePaserets «fete « Jan. 14 to Jan. 27 

Raleightec.ee sac Dec. 30 to Jan. 19 

Wilmington....... Jan. 7 to Jan. 20 
North Dakota: 

BiSsmMayT Ole vere a Jan. 20 to Feb. 2 

Devils Lake....... Jane 7 to dan. 24 

Vallistomereryctt a. Jan. 11 to Feb. 10 
Ohio: 

Cincinnatine «cee. Jan. 10 to Feb. 3 

@levelandias.. <1... Jan. 21 to Feb. 3 

Columpbuseaae oe Jan. 11 to Jan. 24 

Sandusky. eco oss Jan. 10 to Feb. 13 

EP OlEMOleneciens nists Jan. 15 to Feb. 6 
Oklahoma 

Oklahoma..... 3 Jan. 8 to Jan. 21 
Oregon: 

Baker Gxty sce eles © Jan. 4to Jan. 17 

Portland te cies 2 to Jan. 29 


Station. Period. 


Pennsylvania: FH 
Ves cc ren tene Jan. 29 to Feb. 11 25 
Harrisburg........ Jan. 16 to Feb. 4 28 
Philadelphia...... Jan. 15 to Jan. 28 31 
Pitisburghinescse. Jan. 20 to Feb. 4 30 
Scrantones. acer Jan. 15 to Feb. 4 25 

Rhode Island: 

Block Island...... Jan. 26 to Feb. 8 30 
Providence....... Jan. 6to Feb. 3 27 

S. Carolina: 

Charleston........ Jan. 7 to Jan. 27 49 
Columbiassessem oe Dec. 30 to Jan. 27 45 


Hluronten cn fete Jan. 11 to Jan. 26 9 
Pigrrese aan e soe Jan. 4toFeb. 3 14 
Rapid City... .e ss Jan. 12 to Jan. 27 21 
Vanktonwecem sens Jan. 16 to Jan. 29 14 
Tennessee: 

Chattanooga...... Jan. 1 to Jan. 14 40 
Knoxvallegy cn sas Jan. 2 to Jan. 19 ot 
Memphis......... Jan. 4to Jan. 25 40 

Jan. o toJan. 21 38 


Albilenecccsoniacee Jan. 6 to Jan. 20 42 
Amiarillowe sas cee Jan. 7 to Jan. 20 34 
Corpus Christi... Jan. 3 to Jan. 19 53 
BP aso ees sees Dec. 29 to Jan. 12 43 
Hort Worth. sen. Jan. 2to Jan. 24 44 
Galveston........ Jan. 10 to Jan. 23 52 
Palespne cepa sewn: Dec. 31 to Jan. 20 46 
San Antonio...... Dec. 28 to Jan. 27 faph 
Lavy lors soph oe cteeess Jan. 7 to Jan. 21 47 
Utah: 
Modena... .s4.060 Jan. 3 to Jan. 20 27 
Salt Lake City....| Jan. 4 to Jan. 17 28 
Vermont: 
Burlington... «> Jan. 9to Feb. 6 16 
INorthfieldan sani Jan. 7toFeb. 4 15 
Virginia: 
Cape Henry....... Jan. 8toFeb. 9 40 
Mynchburgs «cciceo« Jan. 10 to Jan. 23 36 
INIOTEOIK Sec waraceieree Jan. 13 to Feb. 2 40 
Richmond........ Jan. 1ltoFeb. 3 38 
Wytheville........ Dec. 29 to Feb 3 33 
Washington: 
North Head...... Jan. 1 to Feb. 24 42 
Port Crescent..... Dec. 31 to Feb. 5 36 
Mea tilOmarcm seenvere Jan. 5 to Jan. 25 39 
SPOKANE ors saree Jan. 10 to Jan. 23 26 
LOOM erarerar ene ecsie Jan. 1 to Jan. 28 38 
Tatoosh Island....| Jan. 11 to Feb. 27 Al 
Walla Walla...... Jane lL to Jame eo 33 
West Virginia: 
FOUTS Pres oe wae ete Jan. 2 to Jan. 31 29 
Parkersburg...... Jan. 7 to Jan. 27 31 
Wisconsin: 
Green Bay........ Jan. 13 to Jan. 26 14 
Tigi @ross@ <2 waters Jan. 7to Feb. 1 15 
Madisonicx «> <06. Jan. 9 to Jan. 26 16 
Milwaukee....... Jan. 13 to Jan. 26 19 
Wyoming: 
Cheyenne......... Jan. 14 to Feb. 9 25 
NGGTNA CL. aise eee eyes Dec. 26 to Jan. 20 17 
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(I) MERRIAM’S MEAN NORMAL TEMPERATURE FOR HOTTEST SIX WEEKS OF 
YEAR. (PLATE 44.) 


In the same paper (1894) from which we have already made extracts, 
Merriam calls attention to the fact that, while his summation indices 
(our plate 37) appear to furnish satisfactory criteria for relating tem- 
perature conditions to the northward limits of species distribution, yet 
these do not seem at all satisfactory in connection with the southward 
extension of northern forms. This author writes (1894, p. 233): 


It is evident * * * that the southward range of Boreal species * * * is regulated by 
some cause other than the total quantity of heat [7. e., his summation indices]. This cause 
was believed to be the mean temperature of the hottest part of the year, for it is reasonable 
to suppose that Boreal species in ranging southward will encounter, sooner or later, a 
degree of heat they are unable to endure. * * * For experimental purposes, and without 
attempting unnecessary refinement, the mean normal temperature of the 6 hottest consecu- 
tive weeks of summer was arbitrarily chosen and platted on a large contour map of the 
United States, as in the case of the total quantity of heat. 


We here reproduce in its essentials, as our plate 44, the chart thus 
obtained—Merriam’s (1894) plate 13— because of its scarcity and of 
its interest in connection with our own studies. The marked differences 
between this chart and that of our plate 37 (also reproduced from 
Merriam) are practically confined to the Pacific Slope. East of the 
Sierra Nevada, Cascade, and San Bernardino Ranges the zone with a 
normal for the hottest 6 weeks of above 79° F. (26° C.) corresponds 
well with that of the Merriam summation above 18,000 (F.) or 10,000 
(C.); the zone characterized by a 6-weeks normal of from 72° F. (22° 
C.) to 79° F. (26° C.) corresponds with that having a summation of 
from 11,500 (F.) or 6,800 (C.) to 18,000 (F.) or 10,000 (C.); the zone 
with a 6-weeks normal of from 64° F. (18° C.) to 72° F. (22° C.) corre- 
sponds to that with a summation from 10,000 (F.) or 5,500 (C.), to 
11,500 (F.) or 6,400 (C.) ; and a similar correspondence is noted between 
the zone having a 6-weeks normal below 64° F. (18° C.) and that with 
a summation of less than 10,000 (F.) or 5,500 (C.). On the Pacific 
Slope, however, no such series of comparisons can be instituted. While 
the coldest zone of the summation chart does not appear at all on the 
Pacific Slope of the United States, the zone of the 6-weeks normals, 
which corresponds to this elsewhere, occupies the whole coast as far 
south as Los Angeles. Furthermore, the next to the coldest zone of 
normals extends much farther westward and southward in the region 
under discussion than does the corresponding zone of summations; the 
former occupies the coastal area west of the San Bernardino and San 
Jacinto Mountains, south of Los Angeles. Merriam has drawn im- 
portant conclusions from these differences, bearing upon the delimitation 
of his life-zones, a matter which will receive some attention in Part III 
of the present publication. 


(J) NORMAL MEAN ANNUAL TEMPERATURE. (PLATE 45.) 
‘The normal mean annual temperature is commonly employed by 
climatologists for comparing climatic temperature intensities, and it 
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is added to our list of temperature features for this reason more than 
for any other. Our chart for this (plate 45) is reproduced from that of 
the United States Weather Bureau. It requires no special comment, 
excepting that we have represented four of the lines as full, SO as to 
bring out the general temperature zonation according to this criterion. 


3. CONCLUSIONS FROM THE STUDY OF TEMPERATURE CONDITIONS. 


The most obvious generalization to be drawn from our temperature 
studies, as represented by plates 34 to 45, is patent to everyone, 
namely, that the temperature zonation of the United States has a pre- 
dominantly west-east direction. Latitude is of course the controlling 
geographical feature that brings this about, and the values of the 
various forms of temperature indices increase toward the south and 
decrease toward the north. 

Modifying features are the mountain systems and the oceans. The 
isoclimatic lines bend northward near the Atlantic and Pacific coasts. 
Also, they generally bend southward on either side of each of the three 
main mountain systems. 

On plate 34 the different patterns represent the country as divided 
into 5 climatic zones or provinces, acco ding to temperature conditions, 
and Merriam’s chart for summation indices above 32° F. (our plate 37) 
shows a similar convention. Of course, any number of zones might be 
considered, but it is perhaps most useful to follow Merriam in this 
matter if a few definite zones are required. These 5 temperature 
provinces do not, however, need to be given names of the sort used by 
the author just mentioned, and if special names were requisite they 
should be climatically descriptive; they should of course not be named 
after geographic areas. We therefore suggest, in this connection, that 
a 5-zonal arrangement for temperature conditions will probably prove 
satisfactory, these being subdivisions of the larger temperate zone of 
geographers, and that these 5 temperature provinces of the United 
States may be termed simply and directly: very warm, warm, medium, 
cool, and very cool. It might be as well for scientific purposes to number 
these provinces serially, but such a procedure would not be satisfactory 
In non-technical discussions. The simple, descriptive terminology here 
suggested is clearly understood by everyone, while such terms as upper 
and lower Austral (Merriam) apparently fail to be understood by many 
who actually employ them. It should also be noted that the area of 
the United States does not include all of the north temperate zone, 
and our suggested terms leave opportunity for other subdivisions lying 
north and south of our group of 5. Thus, south of the very warm 
temperate temperature province may be one called hot and still another 
called very hot, while north of the very cool temperate province may be 
two more temperate subdivisions, the cold and the very cold. 


1U. S. Weather Bureau, Chart of normal annual temperature. (To and including 1914.— 
Letter from Professor C. F. Marvin.) 
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Probably the most generally useful of our charts of the temperature 
conditions is the one for the length of the period of the average frostless 
season, and the five temperature provinces just mentioned are indicated 
on that chart (plate 34). In terms of that particular temperature 
index, the relation between our simple names and the index values 
is shown in table 9. For other temperature indices the values would 


TABLE 9. 


Length of 
period of 
average 
frostless 
season. 


Temperature proy- 
inces of temperate 
zone in United 
States. 


days. 
Below 120 
120 to 180 
180 to 240 
240 to 300 
Above 300 


of course be entirely different, but the general zonation for these other 
indices may be generally comparable to that of plate 34, if proper 
limiting values are chosen. In the case of the temperature summation 
indices obtained by the physiological method (plate 40 and fig. 1), for 
example, the zones noted in table 10, roughly comparable to those 
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i i i i i for period of average frostless 
1a. 1.—Temperature zonation, according to physiological summations j 
season. otateate efficiency provinces: very warm, more than 20; warm, 12.5 to 20; medium, 
7.5 to 12.5; cool, 2.5 to 7.5; wery cool, less than 2.5. Numerical values represent thousands. (See 
also plate 40.) 
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shown on plate 34, may be distinguished. These temperature prov- 
inces are shown on figure 1, reproduced from plate 40, for ready 


reference here. 


TasiE 10. 
Physiological 
Temperature prov- summation in- 
inces of temperate dices of tem- 
zone in United perature effi- 
States. ciency for plant 
growth. 
thousands. 
Very *CoOlncrceseteles Below 2.5 
Cooler Gaecncte oe 2 SitO Leo 
Medilimar. + atermiteeies 720 to1Zs5 
SW ALU a acs, 2 ohe e eheneus 12.5 to 20 
Weryiwartls oeiceesee Above 20 


Of course, it is not expected that any two charts, based upon different 
forms of climatic indices, will agree as to details. Thus, the Pacific 
coastal region is seen to be mostly included in the cool province on 
plate 40, or figure 1, while it lies mostly within the medium province on 
plate 34. What particular form of temperature index, or what com- 
bination of such indices, will be found most valuable in distinguishing 
the climatic zones for studies of dynamic plant geography remains to 
be determined, but it may be safely predicted that no single form of 
index will be sufficient for the purpose of ecological and agricultural 
climatology. It is unfortunate that Merriam’s zones (our plate 37) 
and the unsatisfactory terminology that goes with them should have 
been allowed to become stereotyped; climatic temperature conditions 
have many dimensions and the useful comparison of climates requires 
the employment of many more than a single one of these. 


III]. MOISTURE CONDITIONS. 
1. INTRODUCTORY. 


As has been emphasized earlier in the present part (page 120), the 
moisture condition immediately effective to control plant activity is 
the water-content of the particular cells and tissues involved, and if it 
were possible to study the duration and intensity aspects of this condi- 
tion such a study ought to be fundamental for the ecological relations 
with which we have to deal. As in the case of the temperature relation, 
however, it is impossible to make any progress at present by attacking 
the problem in this ideally logical manner; here also it is necessary to 
consider less immediate conditions and to pass to what is considered 
as the external environment, without even attempting at present to 
inquire, in more than a very superficial way, concerning the nature of 
the internal water-relations which directly determine plant phenomena. 
Our analysis of the matter before us proceeds somewhat as follows: 
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Vital activity is influenced by internal moisture-conditions that 
mainly remain to be studied by physiological science. We are sure 
that these internal conditions are largely dependent upon external 
water-relations, and our task is to find ways of measuring and defining 
the latter as they exist in nature, in such a way as to render our 
description of the moisture conditions of the environment valuable 
to those interested in geographical distribution. It has been already 
noted that such a procedure is rather simple in the case of the tempera- 
ture-relation, for the immediate and internal temperature conditions 
effective in the control of plant activity are closely paralleled at all 
times by the more remote conditions of the environmental temperature; 
there is usually no great lag between the march of the external, or 
ecological, and that of the internal, or physiological, temperature con- 
ditions. This is, of course, simple because heat migrates with com- 
parative readiness either into or away from the plant and hence equilib- 
rium in this regard, between plants and their surroundings, is seldom 
very far from being attained. Similarly, the environmental moisture 
conditions are also effective to control the immediate, internal moisture 
conditions, through the relative rates of the entrance and exit of water. 
In this case we have to deal with material instead of energy, but the 
general relations are the same. Therefore, it is with those conditions 
of the environment that may influence the rates of entrance and exit 
of water that the present section has to deal. A plant may suffer from 
lack of water, (1) because of too slow a rate of entrance of this sub- 
stance into its body during some previous time period, (2) because of 
too rapid a rate of exit, or (3) because these two conditions have been 
simultaneously effective. The environmental conditions to be here 
considered for the area of the United States will be presented under the 
two captions, the supply of water to the plant, and the removal of water 


from the plant. 
2. SUPPLY OF WATER TO PLANT. 
(A) PRELIMINARY CONSIDERATIONS. 


A discussion of the power of the surroundings to supply water to 
plants should begin (for ordinary plants) with the power of the soil 
to supply moisture to roots; it makes no difference, for this primary in- 
quiry, what conditions may determine this power, for the only thing 
directly affecting the plant in this connection is this power itself.’ 
Since, however, ways and means for comparing the water-supplying 
power of the soil at various times and places are still to be perfected, 

1 Livingston has emphasized the crying need for methods of measuring and comparing the 
powers of soil to supply moisture to unit absorbing surface, and he and his co-workers have 
suggested three methods for the quantitative measurement of this power, all of which appear 
promising in this direction, but little has yet been done of a positive character. See, in this 
connection, the following papers: Livingston, 1906, b.—Idem, 1909.—Idem, 1912, b.—Living- 
ston and Hawkins, 1915.—Pulling and Livingston, 1915. 
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it is obviously impossible to deal here with this fundamental factor. 
We turn, therefore, to the conditions next in order of remoteness from 
the plant itself, and recognize at once that the water-supplying power 
of the soil is determined by its water-content and its physical make-up. 
Charts ean not yet be made, however, to represent the mean water- 
content of the soil throughout any considerable area, and the charts 
now in existence,! of physical soil properties, can be of no quantitative 
value in such discussions as the present, until the corresponding mois- 
ture-contents (with their seasonal fluctuations) may be similarly 
represented. Our inquiry is thus forced back once more toa considera- 
tion of the factors determining the soil-moisture content. These factors 
are (1) precipitation, (2) superficial supply by overflow, superficial 
drainage, and subterranean supply and run-off, and (3) removal of 
water from the soil by plant-absorption and by direct evaporation. 

In the first of these tertiary conditions influencing the supply of 
moisture to vegetation we have, finally, a well-recognized climatic 
factor that has been measured and recorded, in a way, for many years 
throughout the area of the United States. It is impossible at the 
present time, however, to make any quantitatively comparative use of 
what little information is at hand regarding the second set of factors 
just mentioned; this information is still far too general and qualitative 
to be of service in an inquiry such as the present. With the third set of 
conditions above mentioned (plant absorption and direct evaporation) 
we shall have to deal in the following subsection, for the same environ- 
mental conditions that control the removal of water from the plant 
are effective to determine plant absorption—in a great measure, at 
least—and loss of soil-moisture by evaporation into the air. 

While precipitation is thus clearly seen to be in no sense a direct or 
immediate condition influencing water-supply to plants, it is very 
frequently a condition that may be roughly related to plant activity, 
as is well recognized by everyone; the mean annual rainfall of a given 
area has long been regarded as of great value in estimating the possi- 
bility of plant growth in such an area.® 

As in the case of temperature, precipitation and evaporation should 
be considered as they affect plants, rather than as they affect any given 


1 See, in this connection, the numerous soil surveys of the Bureau of Soils of the U. S. Depart- 
ment of Agriculture. 

* The reader interested in underground waters will find numerous bits of still unrelated informa- 
tion in the series of Water Supply and Irrigation Papers published by the U. S. Geological Survey. 
Especially interesting is also the following paper: McGee, W J, Wells and subsoil water, U.S. 
Dept. Agric., Bur. Soils Bull. 92, 1913. : 

3 Of course it is obvious enough that this proposition holds only with certain restrictions, as, 
for example, where the subterranean water-table is considerably below the soil surface. Thus, 
the cat-tail (Typha) or tule swamps in the vicinity of springs in the Salton Basin of California 
have the same ecological aspect as have similar marshes near the Atlantic seaboard, though a 
comparison of the precipitation data for these two regions utterly fails to show any reasons for 
expecting such similarity. The sand-dunes of the Salton Basin and those of the Lake Michigan 
shores, on the other hand, show differences in vegetational aspect which may clearly be related 
to differences in rainfall between these portions of the continent. 
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rain-gage or atmometer tank, but these conditions have just begun 
to attract attention in connection with the quantitatively dynamic 
aspect of the study of plant activities, and we are not able to go nearly 
so far with their treatment as is possible with temperature. Work 
such as that of Képpen and of Lehenbauer for temperature influence 
upon plants is greatly needed for the corresponding influence of the 
moisture conditions, but this sort of work has not yet been attempted, 
even if it may have occurred to anyone. When such work is accom- 
plished (which will be possible only with good equipment for the general 
control of environmental conditions), then it will be time to consider 
efficiency indices of the moisture conditions in somewhat the same 
way as we have attempted to deal with the suggested indices of 


temperature efficiency. 
(B) PRECIPITATION. 


(1) Inrropucrory. 


Since rainfall is so remote from being the immediate environmental 
condition controlling the water-supply to plants in nature, the measure- 
ment of this climatic condition must not be expected to show very 
definite relations to plant activity or distribution. As has been indi- 
cated, we employ rainfall data not because they are desirable, but 
because they are the nearest approach to what is desirable that the 
present state of our knowledge affords. In this case, as in that of tem- 
perature, we usually employ the length of the average frostless season 
as our duration factor. Since the effect of precipitation is markedly 
cumulative, we have also tentatively established a second annual 
period, which may prove to be more satisfactory for this condition 
than is the length of the average frostless season. This period is 
obtained by adding to the average frostless season, at its beginning, a 
period of 30 days. By this scheme the rain falling during the last 30 
days of the frost season is considered as pertaining to the following 
frostless season. Thus the snow and rain of March is frequently very 
influential in determining the kind of plant growth that can occur in 
the following month, especially if the latter is comparatively without 
precipitation. The length of this added period is taken as 30 days 
quite gratuitously; perhaps it should be longer or shorter and. it prob- 
ably should have different lengths, according to other climatic condi- 
tions, for different localities. At any rate, it has seemed desirable to 
make test of this modification. In the discussions that follow we shall 
let P represent the normal total precipitation for the period of the 
average frostless season, while 7 will represent the corresponding nor- 
mal total precipitation for the longer period just described. 

It is obviously not to the point at all to employ the summed pre- 
cipitation for a portion of the year as a measure of the water-supplying 
power of the environment available for plant growth during that 
period. Rather is it requisite to study the average water-supplying 
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power of the surroundings throughout the period in question. A 
usable index of this is obtained by dividing the quantity P or a by the 
number of days in the average frostless season. This procedure is 
logically no better here than the average temperature for the frostless 
season would be in the case of temperature relations, but, as has been 
said, lack of knowledge prevents as logical a treatment of the moisture- 
relation as is now possible in this aspect of the other case. 

Rainfall is universally measured in terms of depth units, which 
denote volume or weight units per unit of horizontal surface. The 
position of the horizontal surface of reference is assumed to be at the 
level of the soil surface. Raising this surface a few meters above the 
soil has no considerable influence upon the readings in most regions, 
though it would be undesirable to place the rain-gage funnels at any 
very great distance above the ground in an arid country. In such a 
country a considerable amount of rain might frequently be recorded 
on a gage supported a few hundred meters above the ground, while a 
gage directly beneath, at the ground-level, might remain quite dry; 
the rain-drops often evaporate as they descend. Of course, the opposite 
is sometimes true in a very moist region, where the drops may increase 
in size as they fall. Our precipitation data are in terms of inches of © 
depth, since inches are still employed in the tables of the United States 
Weather Bureau publications, from which we derive our original values. 
All such data may of course be readily converted into metric values, 
where more universally comparable numbers are desired. 

As a basis for our computations we have again had recourse to Bige- 
low’s tables of normal daily values (Bulletin R of the U. S. Weather 
Bureau). These tables present the results of an elaborate treatment 
of the observation data in the United States, resulting in a precipita- 
tion value for each day in the year for each station considered. Thus 
the normal precipitation is given for each day of the year and for each 
station in the list. If a “normal” year, in this sense, ever occurred, 
then the actual precipitation for each day in the year, for any station, 
would be the value given in Bigelow’s table. We have treated these 
normal daily precipitation values in somewhat the same manner as 
was followed in handling the normal daily means of temperature given 
by Bigelow in the same publication. By the use of these tables it is 
possible to study the comparative lengths of what may be called normal 
drought periods and normal rainy periods, as will be brought out below. 
All of our computations involve both duration and intensity factors, 
as will also appear in the discussions that follow. 


(2) Norman Mpan Dairy Precrrrration For Periop oF AVERAGE FROSTLESS 


je 
SEASON (=): (TaBLE 11, Piary 46, anp Fria. 2.) 


The mean daily rainfall for the period of the frostless season should 
be a general measure of aridity in a certain sense, and we have obtained 
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indices for this by summing the normal daily precipitation values 
within the period of the average frostless season (Bulletin R, U. 5S. 
Weather Bureau) and then dividing the result by the number of days 
represented in the period. These averages may be represented by the 


symbol ee where P is the total rainfall for the average frostless period 


and S is the number of days in that period. The values of this ratio, 
for the stations considered, are given in the third column of table 11, 
the values of P being placed in the second column. The precipita- 
tion data for a few of the stations listed are not from Bulletin R: they 
are either from Bulletin Q (in which case the station name is followed 
by an H in parentheses), or they are from the Summary by Sections 
(in which case the name is followed by an S and the number of the 
section of the Summary in which it is listed,in parentheses). Table 11 
also includes evaporation data, and where two stations are given for 
the same data, the first (not in parentheses) is the one to which the 
precipitation data refer. The second one (in parentheses) is the one 
referred to by the evaporation data. | 

Where the precipitation data are not derived from Bulletin R (those 
marked H or §), the total precipitation for the period of the average 
frostless season was approximated by calculation from the normal 
monthly precipitation data as given by Henry (Bulletin Q) or in the 
Summary by Sections. To accomplish this approximatidn the monthly 
normals for all whole months included in the period of the average 
frostless season were added together, and to this sum were added a 
fractional part of the next preceding and of the next following monthly 
normal, these fractional parts being, in each case, that part of the value 
for the whole month that is represented by the number of days of 
that month included in the frostless season. Thus, if the average frost- 
less season extends from June 5 to September 6 and if the monthly 
normal precipitation values for the months involved are a, b, c, and d, 
then the approximate total precipitation for the period of the frostless 
season is 


25 6 
30 a+b+c+ 30 d=P 


Here S, the number of days in the average frostless season is 25+31+ 
31+6=98, and 

ye _ 5/6 a+b+c+1/5d 

S 93 
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TaBLe 11.—Precipitation and evaporation data for the period of the average frostless season. 


(Plates 46, 57, and 58.) 
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1 The values of S are given in tables 1 and 6, number of days in the period of the average 


frostless season. 
2 Approximated from Russell’s data for 1887-88. ‘ ; 
3 Numbers with S in parentheses after the station name refer to the section number, in the 


Summary by Sections, under which the given station appears. 
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TasiE 11.—Precipitation and evaporation data for the period of the average frostless season. 
(Plates 46, 57, and 58.)—Continued. 
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TaBLE 11,—Precipitation and eva poration data for the period of the average frosiless season. 
(Plates 46, 57, and 58.)—Continued. 
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The daily normals of precipitation for the period of the average 
frostless season are shown graphically by the chart of plate 46, where 
the isoclimatic lines represent increments of 20 thousandths of an inch. 
The values are seen to be high for the southeast (the maximum being 
170, for Cape Hatteras, North Carolina). The lowest values occur in 
the arid region as this term is commonly understood (the minimum 
being 9, for Reno, Nevada). On this chart the lines for index values 
60, 100, and 140 are represented as broader than the others, since these 
lines are useful in delimiting the main precipitation zones or provinces 
of the country. The line for value 60 extends northward from about 
Cape Mendocino, roughly parallelling the Pacific coast and passing 
into Canada near the western margin of the Rocky Mountains system. 
This same line reenters the United States near the eastern margin of 
the same mountain system, passes southward and somewhat eastward, 
so as to lie just east of the Rocky Mountains proper, and enters Mexico 
near the mouth of the Rio Grande. This line includes, within the 
loop thus formed, all of the region commonly called arid, and some- 
what more. Northwest from the area thus demarked as arid the 
values increase, and the lines for values 100 and 140 lie just within the 
United States, in the neighborhood of Tatoosh Island, Washington 
(which station has the value 199). 

East of the arid region as above defined the values of these daily 
normals increase slowly, and the line for value 100 passes from north 
to south through the eastern plains or western prairies, approximating 
a line drawn from Corpus Christi, Texas, to Winnipeg, Manitoba. 
At its northern end, however, this line bends eastward, apparently 
passing somewhere north of the upper Great Lakes, and then bends 
southward so as to reenter the United States north of Port Huron, 
Michigan. It crosses Michigan from east to west, bends southwest- 
ward to Grand Haven, Michigan, and reaches Cincinnati, Ohio. From 
this point it passes northward to Detroit and then follows the valley 
of the lower Great Lakes and St. Lawrence River, to pass again into 
Canada near the northern end of Lake Champlain. It apparently 
again bends southward and touches the Atlantic coast once more near 
Nantucket, Massachusetts. Between the arid region and the north- 
south portion of this line, and north of the portion about the Great 
Lakes, lies a region that may be called semiarid, the values lying 
between 60 and 100. 

The line for value 140 delimits what may be called the southeastern 
rainy region, which here includes southeastern Louisiana, southern 
Mississippi, Alabama, and Georgia, all of Florida, and the Atlantic 
coastal region north as far as the entrance to Chesapeake Bay. Key 
West, Florida, lies outside of this rainy zone. 

The region lying between the line for value 100 and that for value 
140, including most of the eastern half of the country, may be con- 
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sidered here as a semirainy region. There are thus four precipitation 
zones or provinces roughly marked out on this chart, which may be 
defined as in table 12. 


TABLE 12. 


Normal daily pre- 
cipitation for the 

Province. period of average 

frostless season. 


thousandths 

inch. 
Dry Provincees secant: Below 60 
Semidry province........ 60 to 100 
Semirainy province...... 100 to 140 
Raitty: provihCG. sc... 2) Above 140 


The four provinces thus indicated will be repeatedly referred to in 
our further discussion of moisture conditions. 


(3) ToraL Norma PRECIPITATION FOR PERIOD OF AVERAGE FROSTLESS SEASON PLUS 
PrEcEDING 30 Days, Divipep By NuMBER OF Days IN AVERAGE FROSTLESS 
Srason (7/S). (Table 11.) 


This rather artificial index of precipitation intensity is based, as has 
been mentioned, upon the consideration that some of the precipita- 
tion occurring just before the opening of the frostless season is still 
effective in the early part of that season. In many places the first few 
weeks of the average frostless season are normally more or less dry, and 
yet plants may be able to begin their activities with the advent of 
frostless weather, on account of soil-moisture left over from the latter 
part of the preceding frost season. The length of the additional period 
of 30 days was chosen quite arbitrarily, in an attempt to bring these 
considerations into the index, which we term 7. Bigelow’s precipita- 
tion normals (Bulletin R) were againused. The values obtained are 
given in column 4 of table 11, and these totals divided, in each case, 
by the corresponding number of days in the period of the average frost- 
less season (7/S) are given in column 5 of the same table. 

The chart obtained from these averages (7/S) shows no pronounced 
differences from that presented in plate 46, and it is not reproduced 
here. This chart is mentioned, since the method by which it was 
obtained is new and may be of value in the future, for special studies 
of certain regions. The values of z will be otherwise employed below. 


(4) Numper or Normatty Rainy Days my Periop or AVERAGE FROSTLESS SEASON. 
(Table 13, Plate 47.) 


This kind of index of precipitation intensity is frequently employed 
by climatologists, though for other duration factors than the one here 
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ENVIRONMENTAL CONDITIONS. 


used. Normally rainy days are here considered (arbitrarily) as those 
with normal daily means (Bigelow’s table, Bull. R) of over 0.10 inch. 
The days are counted without reference to when they occur in the 
period, so that we do not touch here upon the question of rainy periods. 
These data are given in column 2 of table 13. 


Taste 13.—Nwumber of days in the period of the average frostless season with normal precipita- 
tion of more than 0.10 inch and with normal precipitation of 0.10 inch or less, the latter 


also expressed as percentage of the number of days in the average frostless season. 


47, 48, and 49.) 


Station. 


Alabama: 
PANNISCONs sckesceereree 
Birmingham....... 
Mobiles cate 
Montgomery....... 
Arizona: 
IPHOCMIX. wees 
Arkansas: 
Hortiomith= see sae 
iittleRockso...... 
California: 


Independence...... 
Los Angeles........ 
Red Bluntivereecmicr 
Sacramento........ 


San Luis Obispo.... 
Colorado: 


Florida: 
Jacksonville........ 
GUPLbED eee mee ee 
a<ey Wiest scesne 


Tampa 
Georgia: 
ARAN Wig Alo nah oes oF 


IMSCOns. arc 


With normal daily precipita- 
tion of more than 0.10 in. 


With normal daily precipita- 
tion of 0.10 in. or less. 


age frostless season having 
normal daily precipitation 


Percentage of days in aver- 
of 0.10 in. or less. 


Station. 


Tilinois: 


Chicagoun eae es 


Springfield 
Indiana: 

Evansville......... 

Indianapolis 
Towa: 

Charles City 

Davenport......... 

Des Moines........ 


Sioux City 
Kansas: 


Kentucky: 
Lexington 
Louisville 

Louisiana: 
New Orleans 
Shreveport 

Maine: 
Eastport 
Portland 

Maryland: 
‘Baltimorene.eeeeee 
Washington, D. C.. 


With normal daily precipita- 
tion of more than 0.10 in. 


g 
Q 
S83 


00 


With normal daily precipita- 
tion of 0.10 in. or less. 


(Plates 


normal daily precipitation 


age frostless season having 
of 0.10 in. or Tess. 


Percentage of days in aver- 
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TABLE 13.—Number of days in the period of the average frostless season with normal precipita- 
tion of more than 0.10 inch and with normal precipitation of 0.10 inch or less, the latter 


also expressed as percentage of the number of days in the average frostless season. 
47, 48, and 49.)—Continued. cal 


Os ne ea a a BE a A a eae ee 


Station. 


Massachusetts: 


Grand Rapids 
Houghton 


Marquette..... 


Port Huron 


With normal daily precipita- 
tion of more then 0.10 in. 


Sault Ste. Marie.... 


Minnesota: 


Minneapolis 
Moorhead 


Vicksburg 
Missouri: 


Springfield 
Montana: 


Kalispell 
Miles City 
Nebraska: 


Winnemucca 


New Hampshire: 


Concord 
New Jersey: 
Atlantic City 


New Mexico: 
Santa Fe 


With normal daily precipita- 
tion of 0.10 in. or less. 


Q 
Q 
© 
a 


normal daily precipitation 


age frostless season having 
of 0.10 in. or less. 


Percentage of days in aver- 


Station. 


Syracuse 
North Carolina: 
Asheville 


Wilmington........ 


North Dakota: 
Bismarck 
Devils Lake 
Williston 

Ohio: 
Cincinnati 
Cleveland 
Columbus 
Sandusky 


Oklahoma: 
Oklahoma 

Oregon: 
Baker City 
Portland 
Roseburg 

Pennsylvania: 


Harrisburg 
Philadelphia 
Pittsburgh 
Scranton 
Rhode Island: 
Block Island 
Providence 
South Carolina: 


Charleston jc. ¢s.ss. « 
Columbia tees cs 


South Dakota: 


With normal daily precipita- 
tion of more than 0.10 in. 


With normal daily precipita- 
tion of 0.10 in. or less. 


(Plates 


normal daily precipitation 


age frostless season having 
of 0.10 in. or less. 


Percentage of days in aver- 
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Taste 13.—Number of days in the period of the average frostless season with normal precipita- 
tion of more than 0.10 inch and with normal precipitation of 0.10 inch or less, the latter 
also expressed as percentage of the number of days in the average frostless season. (Plates 
47, 48, and 49.)—Continued. 


afi legs des BO | Ba | 638 
3S S28 | aoe oo PRM tests = 
5 Fst 5 H ve 5 S oe a A f=) S e 6°95 a 
eS | 2. | gees 2a | 25 | soem 
Station. 3 ® § ts = om 2 A Station. Se 4 = bs 22 iS 
ae aa oO’ a2 Be Oo ape 
af | go | gees ae | go | agus 
wey Ret on 2 4 Coie Re BoAnS 
S 6 66 ££ oS gs gs £2 £= 
q eS aq Pe =| ro) = & OO ew i=) 
23 | 22 | Fes £2 | 22 | 228s 
= = ow = = ~ 
S. Dakota—Cont’d: days. days. p. ct. Virginia: days. days. p. ct. 
IRapidh Citys cre ctr 28 115 81 Eynchburgae oon <a. 166 35 17 
DEAN GOI ois 6 cae ae 99 55 36 Norfolk, 22 sews es 202 28 12 
Tennessee: Richmond: soa. +o. 160 55 26 
Chattanooga....... 143 64 31 Wytheville........ 156 19 11 
noxvaill@ nase scien 147 61 29 Washington: 
Memphis.......... 161 63 28 North Head....... 150 166 53 
Nash vallesaeeeencee 158 49 24 Seattless me coeees 46 200 81 
Texas: Spokane: : cs 5 c.¢. 6 ss 00 202 100 
"Abilene. 5.ov50e5 6.0% 53 192 78 Tatoosh Island..... 199 72 27 
PAraarillope eee cece 57 142 71 Walla Walla....... 00 216 100 
Corpus Christi..... 39 259 87 West Virginia: 
Il! PASO Gareetic.<elctee 2 234 99 Hl kan sae oe ets cate 113 32 22 
HOrG, WiOrtleres ates 58 203 79 Parkersburg. ": 2 2... 120 59 33 
Galveston... ...i..- 251, 74 22 Wisconsin: 
palestine ee ane 153 92 38 Green Bay........- 85 68 44° 
San Antonio....... 65 Git Chel Ha Crosses ete ssoce 135 28 17 
ED a VOLE jects veces 85 169 67 Madison. nists s 108 Fei 40 
Utah: Milwaukee. ....... 72 90 55 
Wiod ciiaemniereeist ote 00 130 100 Wyoming: 
Salt Lake City..... 00 182 100 @heyenné. o2..<.00<> 00 118 100 
Vermont: Lander nieces kar 4 104 95 
Burlingtonmes. ese 108 35 25 
INorthiieldias.. ct 86 40 32 


The values representing the number of normally rainy days in the 
period of the average frostless season were plotted in the regular way 
and the resulting chart is given as plate 47. This chart shows isocli- 
matic lines at intervals of 25 days; the total range for the country is 
from 284 days (New Orleans, Louisiana) to none at all (various sta- 
tions in the arid region). The general zonation is seen to be very 
similar to that shown in plate 46. The heavy lines show the four 
provinces above described. 


(5) Numppr or Normauty Dry Days In Periop or AverAGr Frostiess Smason. 
(Tasie 13, Prats 48.) 


This index is the complement of the preceding one, and is derived 
by subtracting that from the number of days in the period, in each case. 
A dry day is thus one that has a normal daily mean precipitation 
(Bigelow, Bull. R) of 0.10 inch or less. If the former be considered as 
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an index of raininess, this may be taken as an index of dryness or 
aridity. The values are given in column 3 of table 13 and are shown 
graphically on plate 48. This chart shows a total range for the country 
of from 294 days (Los Angeles, California) to no days (Cape Hatteras, 
North Carolina). The isoclimatic lines here again represent incre- 
ments of 25 days each, full lines being shown for the values 50, 100, 
and 200. In a general way, the climatic zonation of the country is 
similar to that of plates 46 and 47, but this chart is markedly different 
from the others in certain details, and of course the actual values are 
different. Some of these differences will be considered below. 


(6) Percenrace or Days in Puriop or AvERAGE FROSTLESS SEASON THAT ARE Dry Days 
(wirn Normat Precipitation or 0.10 IncH or Luss). (Tasip 13, Pate 49.) 


This index of precipitation intensity is obtained simply by expressing 
as percentage each value of the third column of table 13, in terms of 
the corresponding length of the period of the average frostless season. 
These percentages are given in column 4 of table 13. They express 
the relative frequency of dry days in the period. 

These values are shown graphically by the chart of plate 49. The 
total range for the country is from nil (Cape Hatteras, North Caro- 
lina) to 100 per cent (various stations in the arid region). The lines of 
the chart are drawn at intervals of 10 per cent, those for 20, 50, and 100 
being full lines, and the zonation is once more similar to that of the 
other precipitation charts already mentioned. 


(7) LenetsH or Loncest NorRMALLY RAINY PERIOD IN PERIOD OF AVERAGE FROSTLESS 
Snason. (Tasue 14, Prare 50.) 


In many regions the duration factor for the favorable range of 
moisture conditions is not as great as that for the corresponding range 
of temperature conditions, and the former thus becomes the main 
duration factor influencing plant activities. In such cases only a 
portion of the period of the average frostless season is suitable 
for active plant growth. In southern Arizona, for example, the 
normal frostless season is very long (241 days at Tucson, from March 
26 to November 22), but all of this period is practically without rain, 
excepting only a portion of the summer. The summer rainy period at 
Tucson extends from about July 1 to about September 15, but there is 
also a spring period of general plant activity, extending from the 
cessation of frost to about May 1. The latter period is nearly rainless, 
but the soil-moisture content is high, due to the residual effects of the 
winter precipitation. Thus there are here two periods of general plant 
activity within the period of the average frostless season, one from 
about Mareh 26 to about May 1 (at which time the winter moisture 
is about dried out of the soil) and the other from about July 1 to about 
October 15 (when the summer moisture has largely disappeared). It 
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is thus possible to consider two different periods of plant growth in this 
region, both of which lie within the limits set by the average frostless 
season, but neither of which is as long as that season. In some other 
regions there is but one period of general plant growth, but this is not 
as long as that of the average frostless season. When moisture condi- 
tions have been more thoroughly studied it may become possible to 
consider both the frostless season and that with moist soil, in deriving 
the duration factor for plant growth in general, but we have not found 
it expedient to attempt this at the present time; the relations encoun- 
tered are too complicated and information is too meager. 

Nevertheless, we have been able to derive two duration factors for 
precipitation, which may be superimposed upon the temperature 
duration factor here generally employed. These two new factors 
are the lengths of the longest rainy period and of the longest dry period 
within the period of the average frostless season. The first of these 
is considered here and the other will receive attention under the next- 
following heading. 

In attempting to derive an index of the normal duration of moist 
conditions, we have again begun our computations with the data of 
normal daily precipitation given by Bigelow (Bulletin R). Our pro- 
cedure has been quite arbitrary. In the case of each station the series 
of daily normals given by Bigelow has been considered as separated 
into a series of overlapping groups of 5 days each. Numbering the 
days of the period of the average frostless season consecutively, days 
1 to 5 constitute the first group, days 2 to 6 constitute the second 
group, days 3 to 7 constitute the third, etc. The 5 daily normals for 
each group are averaged to give the mean daily normal precipitation 
for that group, and these means are set down to form a new series. 
Beginning with the first (in the period of the average frostless season) 
of these new group means, the groups are marked as rainy or dry, 
accordingly as the value of their means are or are not greater than 0.10 
inch. Thus, a 5-day group is called rainy if its group-mean is over 0.10 
inch, dry if this mean is 0.10 inch or less. If we designate the succes- 
sive 5-day groups throughout the normal frostless season by the alpha- 
bet letters, and if we follow each letter by an R or D, to denote ‘‘rainy” 
or ‘‘dry,” as the case may be, we obtain a series more or less similar 
to the following: AR, BR, CR, DR, ED, FD, GR, HD, ID, JR, KR, 
LD, MR, NR, etc. In this example the first four groups (A to D) are 
seen to be “rainy.” Then follow two “dry” groups (H, F), after which 
is a single “rainy” group (G), which in turn is followed by two “dry” 
groups (H, I), ete. Now, the last day of each “‘rainy”’ group is con- 
sidered as occurring in a normally ‘‘rainy”’ period, and the last day of 
each “dry” group is considered as within a normally “dry” period, 
and it thus becomes possible to determine the extents of the various 

rainy” and “dry” periods thus established. If, for example, group 
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A includes April 1 to 5, group B April 2 to 6, group C April 3 to 7, etc., 
it follows that the period April 1 to 8 (inclusive) is a “rainy” one : 
the period April 9 to 10 is “dry”; that of April 11 (a single day) is 
“rainy’’; that of April 12 to 13 is “dry,” ete. 

The dates of beginning and ending of each normally “rainy” and 
normally “dry” period of the normal frostless season having been thus 
obtained for each station, the length of each period is noted, in days, 
and the lengths of the longest normally rainy period and of the longest 
normally dry period become the two indices desired for the station in 
question. 

The beginning and ending and the length of each normally dry 
period in the period of the average frostless season are given in the 
second column of table 14, and the corresponding dates and length of 
the longest normally rainy period are given in the third column. Roman 
numerals refer to months, the arabic numerals not in parentheses 
represent the days of the month, and these data are followed, in each 
case, by the length of the period, in parentheses. Thus, the longest 
normally rainy period in the period of the average frostless season for 
Anniston, Alabama, extends from May 18 to September 8 and includes 
114 days. 

As has been remarked, this method of treatment is quite arbitrary, 
but it seems to furnish indices of normal raininess and droughtiness 
that may be valuable. At least, these indices are worthy of a test, 
and may be employed till more satisfactory ones may be devised. It 
should be noted that the smoothing process applied to the precipita- 
tion data by Bigelow (in deriving the daily normals) is here overlaid 
by another very efficient smoothing process of our own (the use of 5-day 
averages), so that the natural irregularity of precipitation is very 
largely obliterated, which is to be desired when normals are requisite. 
It may also be mentioned that the indices here set forth might have a 
still greater value for such work as this if the constant 0.10 inch were 
made somewhat smaller. Such an alteration would of course render 
the normally rainy periods longer and the normally dry periods 
shorter. The testing of such modifications may, however, be left to a 
later time, and to other workers, if they will take up this important 
phase of the climatology of precipitation. 
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of longest 


TasLe 14.—Beginning, ending, and duration of each normally dry period sai Bal os 


normally rainy period within the period of the average frostless season. 
and 51.) 


A normally “dry period” begins on the last day of the first 5-day period whose average normal 
daily precipitation is not over 0.10 inch; a normally “rainy period’”’ begins on the last day 
of the first 5-day period whose average normal daily precipitation is greater than 0.10 inch. 
Months are represented by Roman and days of the month by Arabic numerals; numbers 
in parentheses are the duration of the respective periods, in days, these being in full-face type 
for the longest dry period in each case. 


Station. Dry periods. Longest rainy period. 
Alabama: 
FANNIStOD eraser IV,-292to. V5, 17 (19)-) EX, 49! te 16"(@)-) 1 V,, 18 to Exe 8 a94)- 
IX, 27 to 28 (2); LX, 30 to X, 20 (21). 
Birmingham..... IV, 29 to V, 18 (20); IX, 27 to X, 5 (40). .| V, 19 to IX, 26 (131). 
Mobile Sif recier V, 13 to 17 (5); X, 10 to 26 (17); XI, 17 | V, 18 to X, 9 (145). 
to 20 (4). 
Montgomery......| IX, 1 to 9-(9); IX, 18 to X, 2 (46)...... Ei, 11 to VIEL, Ss G74): 
Arizona: 
iphoenixaeeroneie TI 2450 EXUE.3.(280) sere eee ae No rainy periods. 
Arkansas: 
Hort Sminhee er IV, 2 to 10 (9); VII, 16 to 25 (10); VIII, | IV, 11 to VII, 15 (96). 


Little Rock...... 


26: to EXS 6 2)7ExX, 25 to27 )- 
VIII; 9) to: LOK) FXG? to S17) 7 seb fo 
29 (29). 


III, 20 to VIII, 8 (142). 


California: 
BWurelsai, cnr pices: | Varo BO cate ee (132, eee ee ee III, 30 to V, 4 (36). 
Rresnoa coc TUL to: xen 4a (258 nee ee ee No rainy periods. 
Independencesa.y |e Uke LO boul xen 4 (LOD) eee Do. 
Los Angeles...... ES 22 eto Lea 209) eee eee eee 1} 28:to LE 215). 
Red ais luther TVs, d8to cle 8 (C230) i.e eee ee XI, 19 to XII, 16 (28). 
Sacramento......| II, 25 to III, 6 (10); III, 19 to XI, 19 (242).| III, 7 to 18 (12). 
San Francisco... .| IIL,-17to Xi, 181(247)- Xie 10122... I, 26 to III, 16 (50). 
Sant Oseeen- eae TEE RL 7 tox 18.(247) eee eee eee EH, 7 to ELT, 16: C8): 
San. Edis O bisporus keel atom lal SaC2o2 a ne eee ee PES 4 tol (28 )e, 
Colorado: 
Denver Vind: GON. 6" (LOG) soba See a eee No rainy periods. 
Pueblowene eee LV 2800 eX 0k OD) steele ee eee Do. 
Connecticut: 
Hartlord@erreeene V, 13 (1); VI, 16 to 26 (11); VIII, 31 to | VI, 27 to VIII, 30 (65). 
LX.S (6)s LX, 27ite ee as 
New Haven...... V, 21 to 22 (2); VI, 15 to 23 (9); VIII, | VI, 24 to VIII, 30 (68). 


ol to EXSi2 (3)s 1X5 27 to XxX 1505): 


Florida: 

Jacksonville...... 1 ie ar III, 4 to 7 (4); X, 29 to XII, | ITI, 8 to X, 28 (235). 
4 de 

SHI cana caoe II, 15 to 17 (8); III, 8 to 21 (14); IV, | V, 20 to XI, 10 (174). 
1 to 19 (19); IV, 21 to 28 (8); V, 18 to 
19" (2) eX, 11 to 27 Ge exih 15)to 
29 (15). 

Keys West.) ae XI, 11 to V, 10 (182); VI, 28 to VII, | VII, 22 to XI, 10 (112). 
2 (5); VII, 18 to 21 (4). 

Pensacola........ IV, 23 to V, 25 (33); IX, 20 to 21 (2); | V, 26 to IX, 19 (117). 
X, 10 to 16 (7); XI, 14 to 22 (9). 

Tampa sara ee ne II, 9 to 13 (5); III, 2 to 16 (15); III, 29 | V, 26 to X, 9 (137). 
to IV, 25 (58); X, 10 to 13 (4); X, 16 

3 to 18 (3); X, 24 to I, 9 (78). 
Georgia: 

Atlantean e oeae er TV; 295to Vy 17 (19) Xs) Oto) 10) Vs 18 tox Ss (114). 
IX, 27 to 28 (2); IX, 30 to XI, 3 (35). 

AU DUSta ere IV, 28 to29 (2); V, 6 to 17 (12); IX, 6 | V, 18 to IX, 5 GELS 

oT to 9 (4); IX, 29 to XI, 7 (40). 

ACOD eh 


TV, L7G) DV 27 to Viel S@2) xno 
to XI, 13 (47). 


V, 19 to IX, 27 (182). 
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TABLE 14.—Beginning, ending, and duration of each normally dry period and of longest 
normally rainy period within the period of the average frostless season. (Plates 50 
and 51.)—Continued. 


SS ee Oe 


Station. 


Georgia—Cont’d: 


Dry periods. 


Longest rainy period. 


Savannah........| IV, 9 to 11 (3); IV, 18 to 30 (13); V, 8 V, 28 to X, 18 (144). 
to 27 (20); X, 19 to 23 (5); X, 26 to 
XI, 27 (33) 
Thomasville..... BS gy ZOMGO.B NCL NEL Sh (24) ee Seem eer RE III, 7 to X, 25 (233). 
Idaho: 
IBOIs6se meteor: EWG 20) toe xs 22 CLT) ater nec oneness No rainy periods. 
Lewiston........ EVES 6G XG 2202) 8 oo ARES coe nn ee Do. 
Pocatello........ VECO Te bok LOT Biss oot eee ete at Do. 
Illinois: 
Wairos see oe ee VII, 20 to 26 (7); VIII, 8 to IX, 26 (50); | III, 31 to VII, 19 (111). 
X, 4 to 15 (12); X, 20 to 28 (9). 
Chicago. J.4. 2.5. IV, 18 to V, 2 (15); V, 16 to 24 (9); VII, | V, 25 to VII, 14 (51). 
15 to 22 (8); VIII, 5 to 9 (15); VIII, 
31 to IX, 6 (7); TX, 18 to X, 15 (28). 
LaSalle vw. 2.5.3 VII, 15 to 27 (13); VIII, 5 to 20 (16); | IV, 29 to VII, 14 (77). 
VILE .29' to) EX, 99 (12) 1x, 19.1) 
X, 6 to 13 (8). 
PeOviat wee. s « IV, 16 (1); VII, 8 to VIII, 14 (38); VIII, | IV, 17 to VII, 7 (82). 
22 to IX, 19 (29); X, 8 to 18 (11). 
Springfield....... VII, 6 to 13 (8); VII, 17 to VIII, 15 (30); | IV, 19 to VII, 5 (78). 
VIEI, 20.to LX, 13 (25); EX, 19 (1); X, 
8 to 17 (10). 
Indiana: 
Evansville....... IV, 29 to V, 3 (5); V, 14 to 24 (11); VIII, | V, 25 to VIII, 4 (72). 
» to 9 (5); VIII, 27 to EX, 25 (30); XX; 
6 to 14 (9); X, 20 to 23 (4). 
Indianapolis..... VIL, 12) to 17 (6) VILE, 29' to LX,)7 (10) | LV, 17 to VILE, 11-27). 
IX, 17 to 26 (10); X, 8 to 19 (12). 
Iowa: 
Charles City..... VII, 27 to VIII, 8 (13); VIII, 26 to IX, | V, 17 to VII, 26 (71). 
: 26 (32). 
Davenport....... IV, 23 to 29 (7); VII, 24 to 30 (7); VIII, | IV, 30 to VII, 23 (85). 
6 to 7 (2); 1X, 3 to 6 G); TX, 23 to X, 
21) 
Des Moines......| VIII, 5 to 10 (6); VIII, 30 to IX, 10 (12); | IV, 23 to VIII, 4 (104). 
TNS 7 Ce Noe lato is). 
Dubuque... 2... IV, 23 to 28 (6); VIII, 8 to 22 (15); IX, | IV, 29 to VIII, 7 (99). 
19 to 21 (3); X, 5 to 9 (5). 
Keokukeles. 25 IV, 2.t0 8 (7); Vil, 13 to 17, G)s VILL, \IV, 9 to VII; 12/95). 
9 to 12 (4); VIII, 24 to IX, 3 (11); X, 
7 to 15 (9). 
Sioux City ...-> 5. VI, 12 to 14 (3); VIII, 6 to 16 (11); VIII, | VI, 15 to VIII, 5 (53). 
28 to IX, 11 (15); IX, 20 to 27 (8). 

Kansas: | 
@oncordia ne. = IV, 25 to VI, 5 (11); VII, 9 to 16 (8); | V, 6 to VII, 8 (64). 
VIII, 4 to IX, 5 (33); IX, 16 to X, 

14 (29). 

Dodge City......| IV, 18 to V, 14 (27); VI, 27 to VIII, 7 | V, 15 to VI, 26 (43). 
(42); VIII, 9 to X, 15 (68). 

Topeka Mieserc os IV, 10 to 21 (12); IV, 26 to 30 (5); VIII, | VI, 1 to VIII, 30 (91). 
81 to IX, 6 (7); LX, 28 to 24 (2); X, 
3 to 15 (18). 

PWLCHITS Sats 3 cs sree IV, 9 to 27 (19); VII, 21 to 28 (8); VIII, IV, 28 to VII, 20 (84). 
7 to 11 (5); VIII, 25 to IX, 5 (12); 1X, 
OBI ia) Gal’) (POE 

Kentucky: 

Wexingtonee et | IV, 28 to V, 8 (11); VI, 7 to 8 (2); VIII, | VI, 9 to VIII, 28 (81). 

29 to X, 23 (56). 


Uk) ES Pe ee 
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Tape 14.—Beginning, ending, and duration of each normally 
normally rainy period within the period of the average frostless season, 


ENVIRONMENTAL CONDITIONS. 


and 51.)—Continued. 


Se he A Oe Fe ae 2 ee 


Station. 


Dry periods. 


Kentucky—Cont’d: 
Louisville........ 


Louisiana: 


New Orleans..... 
Shreveport....... 


Maine: 
Hastporteeace stra: 


Portland eet ae 


Maryland: 
Baltimores cee 


Washington, D.C. 


Massachusetts: 
IBostoneni cero 


Nantucket....... 


Michigan: 
Almenae emer see 


Detrorbeeeeeeweie 


Escanaba........ 
Grand Haven.... 


Grand Rapids.... 
Houghtonte ja. 


Marquette....... 
Port Huron 


Sault Ste. Marie. 


Minnesota: 


Minneapolis. .... 


Moorhead 


Mississippi: 
Meridian........ 


V, 13 to 18 (6); VIII, 30 to IX, 26 (28); 
X, 4 to 22 (19). 


V, 10 to 17 (8); 1X, 8 to 25 (18); XI, 1 (1). 

VI, 19 to 22 (4); VII, 10 to 17 (8); VIII, 
3 to IX, 5 (84); IX, 20 to 23 (4); IX, 
28 to X, 17 (20). 


V, 9 to 12) 4); Vi, 10°to. 19 @0)2) VIL, 
31 to VIII, 8 (9); VIII, 27 to LX, 13 
(18) ; TX, 26 to X, 5 (10). 

VI, 26 to VII, 21 (26); VIII, 30 to IX, 
12)\@4)5 XG 71 to:3 (8): 


IV, 16 to 23 (8); VI, 1 (1); IX, 27 to X, 
21 (25); XI, 1 to 3 (8). 

IV, 18°to 23: (6); EX, 3 to 8 (6); 1X, 
26 to X, 19 (24). 


KEV;, 21 to 22°); V, 13° @); V; 31); 
VI, 15 to VII, 19 (85); VIII, 31 to 
IX, 10 (11). 

IV, 17 to V, 23 (37); VI, 4 to 20 (17); 
VI, 22 to VIII, 4 (44); VIII, 22 to 
IX, 13 (23); TX, 20 to X, 1 (12); X, 
19 to 24 (6); XI, 2 to 5 (4). 


V, 25 to 28 (4); VII, 9 to 16 (8); VII, 
22 to VIII, 6 (16). 

Vi. d to: 6.(6)s Vi to: 2 CE avin 
to 18 (17); VIII, 25 to X, 11 (48). 

VEL O to! 197 C1.0)= Valia2O toroietha)ae- 

IV, 29 to-V, 6 °(8)$ Vs 29-to Vi; tf 4); 
VI, 9 to VII, 2 (24); VII, 4 to 28 (25); 
VITIe 7*to 2h (15)s VER, 26"te EX s 
(14); X, 1 to 12 (12). 

V, 2 to 7 (6); VI, 1 to VII, 28 (58); VIII, 
7 to LX, 8 (33)5 Xo 1 to: 12/2); 

Vi 25) VLE Sito Ville Sia) See 

VII, 8 to 19 (12); VII, 29 to VIII, 31 (34). 

V, 19 to 23 (5); VI, 14 to IX, 12 (91); 
IX, 19 to X, 9 (21). 

V, 15 (1); VI, 9 to 26 (18); VII, 8 to 30 
(23)e VIL, 12) to. 27 (16) EX. isto 
29 (9). 


V, 5 (1); VII, 17 to 27 (11); VIII, 28 to 
31 (4). 

VII, 12 to 24 (13); VIII, 15 to 18 (4); 
IX, 26 to X, 1 (6). 

V, 14 to 16 (8); V, 25 to 31 (7); VII, 
23 to VIII, 13 (22); VIII, 28 to IX, 
22 (26). 

IV, 28 to V, 8 (11); VII, 12 to 25 (14): 
VIII, 18 to 26 (9); TX, 23 to X, 3 (11). 


V, 18 to 19 (2); VIII, 20 to 28 (9); X, 
4 to 27 (24). 


dry period and of longest 
(Plates 50 


Longest rainy period. 
V, 19 to VIII, 29 (103). 


V, 18 to IX, 7 (143). 
III, 5 to VI, 18 (106). 


VI, 20 to VII, 30 (41). 
V, 15 to VI, 25 (42). 


VI, 2 to IX, 26 (117). 
IV, 24 to IX, 2 (132). 


VII, 20 to VIII, 30 (41). 


VIII, 5 to 21 (17). 


VIII, 7 to IX, 28 (53). 
V, 22 to VIII, 1 (72). 


V, 17 to VII, 9 (54). 
V, 7 to 28 (22). 


V, 8 to 31 (24). 

V, 26 to VII, 7 (48). 
V;16 to VEL 7 (3). 
V, 24 to VI, 13 (21). 


V, 16 to VI, 8 (24). 


V, 6 to VII, 16 (72). 
IV, 30 to VII, 11 (73). 
VI, 1 to VII, 22 (52). 


V, 9 to VI, 11 (64). 


V, 20 to VIII, 19 (92). 
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es Pennning, Hee als ee of each normally dry period and of longest 
ally rainy period within the period of the 
pg es can ey p of average frostless season, (Plates 50 


Station. 


Dry periods. 


Longest rainy period. 


Mississippi—Cont’d: 


Wacksburgin. = goa V, 14 to 16 (3); VIII, 20 to 27 (8);I X, | V, 17 to VIII, 19 (95). 
6 to 12 (7); X, 3 to 21 (19). 
Missouri: 
Wolumpbide eas soos VII, 18 to 21 (4); VII, 28 to VIII, 17 | IV, 19 to VII, 17 (90). 
(21); VIII, 28 to X, 14 (48). 
Hannibaleeys... 2. IV, 15 to 20 (6); VI, 9 to 18 (10); VII, | IV, 21 to VI, 8 (49). 


Kansas City..... IV, 14 (4); IV, 16 to 17 (2); IX, 1 to 3 | IV, 18 to VIII, 31 (136). 
(2) EX 27, bo 2X, 23(27): 
St wLOUIsis sci ach.s VE se tOn lO TG) av Lil ontop eed al Ve to. Ville dono 7s 
(51) ; X, 4 to 18 (15); X, 20 to 24 (5). 
Springfield. . ond Corl Sa 15). cater Sy cuter «tee. IV, 15 to X, 3 (172). 
Montana: 
EayrGe. ty. os te V, 16 to VI, 6 (22); VI, 20 to IX, 14 (87).| VI, 7 to 19 (13). 
Helena.....% i... Wie S) tosiex 28) (LAA iets oh aA es aes No rainy periods. 
Walispell. ...<.... VeeL4 tone xXersONCLAO)er. cy cate eee an Do. 
Miles City.......| V, 8 to VI, 6 (29); VI, 13 to IX, 24 (104) .| VI,.7 to 12 (6). 
Nebraska: 
Pancolne.toeckacne IV, 20 to 22 (8); VIII, 26 to IX, 10 (16); | IV, 23 to VIII, 25 (125). 


12 to 15 (4); VIII, 24 to IX, 5 (13); 
IX, 30 to X, 15 (16). 


IX, 20 to X, 10 (21). 
V, 2 to 19 (18); VI, 9 to 10: (2); VI, 25 
to VII, 23 (29); VII, 29 to IX, 29 (63). 


V, 20 to VI, 8 (20). 


Omaha # hiv. oes EX epoca eX el Oi toes (2D) aes IV, 27 to VIII, 31 (127). 
Valentine... V, 10 to 15 (6); VIL, 14: tol7 @ Vi, | V, 16 to VIL, 13 (69). 
20 (1); VIII, 12 to IX, 18 (88). 
Nevada 
Rienoaece cence Vek tonlxcpol( LSS) citi. ie: ee Golo No rainy periods. 
Winnemucca..... Veal Gita exer ou(L aL) sete eat ee Do. 
New Hampshire: 
Goncordeesse eee) Visto Le (i Vi, 28 G): VIL, 31 tor). VL, 29 to VILL, 30) (63); 
IX, 13 (14); IX, 28 to 30 (3). 
New Jersey: 


Atlantic City.... 


New Mexico: 


LVe 13 tore’ (h2) 3 V, sitols G1) V5 23 
to VI, 8 (17); VI, 19 to 28 (10). 

IV, 18 to 25 (8); V, 3 to 14 (12); V, 24 
to VI, 8 (16); VI, 19 to 28 (10); VII, 
9 to 12 (4); VIII, 30 to IX, 8 (10); IX, 
23 to X, 6 (14); X, 15 to 20 (6). 


VII, 14 to VIII, 29 (47). 
VII, 13 to VIII, 29 (48). 


VII, 16 to 25 (10). 


Santa Hesenee =. - IV; 16 to VII; 15 (1); VII; 26 to LX, 

19 (86). 
New York 

PAT Dames ckao cere IV, 24 to V, 21 (28); IX, 5 to 9 (5); IX, | V, 22 to IX, 4 (106). 
24 to X, 7 (14); X, 13 to 17 (5). 

Binghamton..... V, 3 to 15 (13); VII, 10 to 14 (5); VIII, | V, 16 to VII, 9 (55). 
12 to 18 (7); IX, 5 to X, 6 (82). 

Buttalo geese IV, 27 to V, 17 (21); VI, 5 to 18 (14); | VI, 19 to VIII, 30 (78). 
VIII, 31 to IX, 11 (12). 

Gantonel tose. V, 10 toe25) (16)*) Va 28) tons0) (3) ss VEL.» || V, 31 to VIL, 11 (42): 
12 to 23 (12); VII, 30 to VIII, 27 (29); 
IX, 3 to 14 (12); IX, 19 to 25 (7). 

Ttha@aifec cavescs V, 5 to 13 (9); VIII, 11 to 18 (8); VIII, | V, 14 to VIII, 10 (89). 
SI torlLxGely (2) Lb seesncomondil alex 
16 to X, 7 (22). 

New Work.aeer IV, 16 to 23 (8); V, 16 to 23 (8); IX, | V, 24 to VIII, 31 (100). 


Whee ee Saar al he ad en er ot ae ee 


1 to 8 (8); IX, 26 to X, 4 (9). 
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TapLe 14.—Beginning, ending, and duration of each normally dry period and of longest 
normally Sneha period within the period of the average frostless season. (Plates 50 
and 51.)—Continued. 


Station. Dry periods. Longest rainy period. 


New York—Cont’d: 
Oswego..........| IV, 28 to V, 25 (28); V, 28 to 30 (3); V, 31 to VII, 11 (42). 

VII, 12 to 23 (12); Vil, 30°to VIII, 

QT (29) qe LX ns tOn 14 2) seek Oo 

x, 2 (14). 

Rochester......- V, 2 to 18 (17); V, 23 to 24 (2); V, 30 | VI, 19 to VII, 11 (23). 

(1); VI, 5 to 18 (14); VII, 12 to 23 

(12)s) VEL, 28 to: Vili 1 Gb) VLE; 

18 to 26 (9); VIII, 31 to X, 19 (50). 

Syracuse. -ne ae V, 29 to VI, 13 (15); VIII, 12 to 20 (9); | V, 14 to VIII, 11 (90). 

Vilies ItOeXs saloon On). 

North Carolina: 


Asheville........ LX 7 to LON) sex eo Sito Nee o(c yee IV, 21 to IX, 6 (139). 
Charlotte........| LV, 28 to V, 1 (4); IX, 23 to X, 17 (25); | V, 2to IX, 22 (144). 
XI, 1 to 4 (4). 
Hatteras........ No drought. periods sccm cater eee II, 29 to XI, 11 (256). 
Raleigh cee IV, 25 to V, & (11); LX, Sto 12 (5)2 & | ‘Vi, 6 to LX, 7 G25): 
2 to 7 (6). 
Wilmington...... TVs Sito 2 sal(2d) sk ton onl oer IV, 28 to X, 31 (187). 
North Dakota: 
Bismarck........ V, 12 to 29 (18); VI, 22 to TX, 17 (88)....| V, 30 to VI, 21 (23). 
Devils Lake...... V, 28 to VI, 7 (11); VIII, 3 to IX, 25 (54).| VI, 8 to VIII, 2 (56). 
Walliston wenn Vj 19:to Si (8) Vi, 28ito EX14 (79)22- 41 Vi, + to 27 1(27)- 
Ohio: 
Cincinnati: ee. IV, 19 to: 20 (2)s FV. 27to V, 3002) V,, |) V, 22 to VILE 9 MS): 


18 to 23 (6); VIII, 10 to 14 (5); VIII, 
31 to IX, 25 (56). 

Cleveland....... IV, 17 to V, 16 (30); VI, 17 to 22 (6); | VI, 23 to VIII, 3 (42). 
VIII, 4 to 15 (12); VIII, 23 to 27 (5); 
TEXG 2 toexGn Lab) 

Columbus....... IV, 17 to 22 (6):-V, 3: to 7 (5) VI, G.to | VEIL, 5 to VIER 25 (62): 
11 (6)s Vil, 4G); VUE, 26 to LX, 27 
(83); X, 5 to 17 (13): 


Sandusky........ IV, 15 to V, 8 (24); V, 14 to 24 (11); | V, 25 to VIII, 8 (76). | 
VIII, 9 to 16 (8); IX, 6 to X, 26 (51). 
Toledo neues IV, 25 to V, 6 (12); V, 19 (1); VI, 14 to | V, 20 to VI, 13 (25). 


20 (7); VI, 4 to 14 (11); VII, 29 to 
VIII, 28 (31); LX, 2 to X, 15 (44). 


Oklahoma: 
Oklahoma....... IV, 3 to 22 (20)* VI, 16 to VII, 4 (19); | IV, 23 to VE, 15:64): 
VII, 29 to VIII, 6 (9); VIII, 21 to 
IX, 6 (17); IX, 16 to X, 2 (48). 
Oregon: 
Baker City...... Vie tors 28127) eee eee No rainy periods. 
Portland ener TV ¢ 24010) er 3163) ieee eee ee X, 4 to XI, 16 (44). 
Roseburg........ TV216' to: X2e307 (198 ee eee eee No rainy periods. 
Pennsylvania: 
DSK eueree i a ecw be IV, 21 to V, 13 (23); VII, 10 to 20 (11); | V, 14 to VII, 9 (57). 
VIII, 4 to 8 (5); VIII, 27 to IX, 7 (12). 
Harrisburg...... IV, 15 to V, 12 (28); VII, 12 to 20 (9); V, 13 to VII, 11 (60). 
TX, 1 to 8 (8) EXs 205 to =x, 6. (87) 
X, 19 to 23 (5). 


Philadelphia..... IV, 15 to V, 16 (82); V, 30 to VI, 3 (5); | VI, 18 to VIII, 29 (79). 
VI, 12 to 17 (6); VIII, 30 to IX, 9 (11); 
IX, 12 to 21 (10); IX, 27 to X, 7 (11). 


Pittsburgh.......] IV, 29 to V, 9 (11); V, 14 to 16 (3); | V,17 to VIII, 5 (81). 
VILL? 6 to SLL (6)e8 Vile 2oR toe lx 
18 (51). 

Scranton see IV, 21 to V, 15 (25); VII, 12 to 21 (10); | V, 16 to VII, 11 (57). 


IX, 1 to 8 (8); IX, 20 to X, 9 (20). 
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TaBLe 14.—Beginning, ending, and duration of each normally dry period and of longest 


normally rainy period within the period of th 
LL erated D f the average frostless season. (Plates 50 


Station. 


Rhode Island: 
Block Island..... 


Dry periods. 


IV, 21 to 27 (7); VI, 15 to 28 (14); VII, 
17 to 28 (12); VIII, 27 to IX, 6 (11); 
IX, 19 to X, 7 (19). 


Longest rainy period. 


IV, 28 to VI, 14 (48). 


Providence...... IV, 21 to 23 (3); V, 13 (1); V, 31 (1); VI, | VII, 20 to VIII, 30 (42). 
LOCO VILL ONSS)s Vill, Sl to LX, 
10 (11); IX, 26 to X, 3 (8). 
South Carolina: 
Charleston....... FITS toni (5)s DV.92) to 6106) LVe20)tou| Vv, 21 to X11, 2 (196). 
V, 6 (17); V, 14 to 20 (7). 
Columbians. ace. . IV, 5 to 15 (11); IV, 25 to V, 17 (23); | V, 18 to IX, 23 (129). 
IX, 24 to X, 7 (14); X, 11 to 23 (13); 
XI, 1 to 8 (8). 
South Dakota: 
Huron aac so V, 13 to 18 (6); V, 23 to VI, 3 (12); VII, | VI, 4 to VII, 8 (85). 
Stow Vili 25@5)is VILL ed. toy LX 
20 (87). 
PiGITretc ois 5 heer V, 3 to VI, 2 (31); VI, 7 to 20 (14); VII, | VI, 21 to VII, 4 (14). 
5 to IX, 30 (88). 
Rapid City......- V, 7 to 30 (24); VII, 1 to IX, 26 (88)....| V, 31 to VI, 30 (31). 
Viamkton etelovecrsss VAG E73 Vil, 16 to DXs 17,183) EXe || V, 3) to Vil; 165075); 
Pte x3 (12). 
Tennessee: 
Chattanooga.....| V, 2 to 17 (16); VIII, 10 to 17 (8); IX, | V, 18 to VIII, 9 (84). 
Zi bOnZ2e(2L)s 
Knoxvilleés,.2.- 6-1) Vs 12, t0 17 (6); 1X, 5 to 14. (410) EX, 23) |) V5 18 to LX, 4 (110): 
to X, 28 (36). 
Memphis........ VII, 14. to 21 (8); VIII, 10 to 11 (2); VIII, | Il, 22 to VII, 13 (114). 
25 to IX, 12 (19); X, 4 to 20 (17); X, 
27 to 30 (4) 
Nashville........ Veo toeZOnc2) Valin 7a)" xe oy to eV, 2b to: VILE tri): 
26 (24). 
Texas: 
Abilenesnee ool) LLL, 165to. LV, .22)(68)) LV; 28 tol V, 4 av; 23 to Vi, 16 (25). 
(OV, US ston 22" ©) Vi, divato, Lx, 
7 (83). 
PAMMIATIMO ets crete IV, 17 to V, 6 (20); V, 20 (1); VI, 16 to | V, 21 to VI, 15 (26). 


Corpus Christi... 


IP asomaeiee ren 


Fort Worth...... 


Galveston....... 


Palestine........ 


San Antonio..... 


VII, 15 (30); VII, 27 to VIII, 4 (9); 
WII, 15/to EX, 6 (23). LX, 12 to XX, 
a (GID). 

EIR 22 toy Vale (82) s0VGe 2OmbOn Vila) LG 
(28); VI, 27 to IX, 1 (67); X, 2 to 
Kis (ao) xe SLO L LLG) (9) 

Ill, 21 to VII, 22 (124); VII, 25 to 
ext (10): 

Tt 9 to LV, 24 47)a Vigegkb to 277s 
NEE 5) toy CAL (GWAR WANES De Siete, Ns) 
(54); IX, 30 to XI, 24 (56). 

2S ton bese) seb Os Lomo nl) sv GE, 
10 to 23 (14); VII, 6 to 8 (8); XII, 13 
tO) LOUGe)s 

III, 28 to IV, 8 (12); VI, 17 to 20 (4); 
VII, 8 to IX, 8 (63); IX, 20 (1); X, 
1 to 9 (9). 

II, 24 to IV, 17 (53); V, 18 to VI, 13 (17); 
Vike oeto cielo) Villy LO tome V.LEL, 
98 (45)+ LX, 5 to 11,-(7);- LX, 18 to 
23 (6); LX, 29 to XI, 26 (59). 


IX, 2 to X, 1 (30). 


VII, 23 to 24 (2). 
IV, 25 to VI, 10 (47). 


VII, 9 to XII, 12 (157). 


IV, 9 to VI, 16 (69). 


IV, 18 to V, 17 (80). 


278 ENVIRONMENTAL CONDITIONS. 
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a ee ee SS SS 


Station. Dry periods. Longest rainy period. 


Texas—Continued: 


Tavyloreckenccte III, 14 to IV, 11 (29); V, 27 to 29 (3); | IV, 12 to VI, 26 (45). 
VI, 16 to 23 (8); VII, 10 to VIII, 29 
(51); TX, 1 to 10 (10); 1X, 19 to 23 
(5); X, 1 to XI, 22 (3). 
Utah: 
Modenalner nn V1 90 oxen (LOO) ersroneriee nei eter No rainy periods. 
Salt: Wake: City ol Vin 20 to soul Sa( 182) peep istee aster e setter Do. 
Vermont: 
Burlington....... V, 30 to VI, 4:(6); IX, 8 to 13 (6); X, | VI, 5 to TX, 7 (95). 
2 to 10 (9). 
Northfield....... VV. 14-to 21 (8): VI, 12)to 15 Gy Vil, | Vil; £7 to EXG 7? G7): 
13 to 16 (4); IX, 2 to 15 (14). 
Virginia: 
luynch burg. anne IV, 16 to 24 (9); IX, 3 to 9 (7); X, 12 to } IV, 25 to IX, 2 (131). 
20 (Oreck, 1I@)s 
Norfollxs 4.45. 02 x 14 toil Si(5) 2X0, Sato 12, (4) eee eee III, 28 to X, 13 (200). 
Richmond sass.) IV, 23:to V4 (12)2 CX, 3 to-8 (6) Xe |) Vso to Ex, 2) 28). 
80 to X, 18 (19); XI, 2 to 8 (2). 
Wytheville....... TEX, 600 Ox) saya tot OND) eee .IV, 19 to IX, 5 (140). 
Washington: 
North Head..... TVie24"to-Xors: (163) ieee cee eee eee xX, 4to XT, 22 (80): 
Seattles® ..: ccnwes. TIE 22 5) EAE Vie LON tOwex LS aS a) heal 2 to eC 
24 to XI, 1 (9). 
Spokane: aacrav PUP MO PbO x el 4 aC 202.0 a ae See No rainy periods. 
Tatoosh Island...| V, 15 to 21 (7); VII, 8 to IX, 1 (66)..... IX, 2 to XII, 9 (99). 
Walla Walla..... TVED Ore Lol G) cee cee eee ae No rainy periods. 
West Virginia: 
Blkans ance oe oe MLL 8 tor On(2 ie VILLE, 28 ito kes OnGLON ave Eo: to Vibha vated is 
: EXG LT tOmseeLOn(e4) 
Parkersburg..... IV, 20 to V, 9 (20); VIEL, 28 to EX, 4 | V; 10 to VIN, 27 (210): 
(8) ; LX, 17 to X, 11 (25). 
Wisconsin: 
Green Bay....... VI, 11 (1); VI, 24 to 27-4): VIL, 13 to |sV, 4 to VI, 10 G8)- 
267 24) Vill, 15 to sexe 4 (21) xe 
23 to X, 3 (11). 
La Crosse....... V, 1 to 4 (4); VIII, 13 to 24 (12); X, 2 | V, 5 to VILL, 12 (100). 
to 10 (9). 
Madison aia IV, 23 to V, 2 (10); V, 19 to 21 (8); VII, | V, 22 to VII, 28 (68). 
29 to VIII, 17 (20); IX, 16 to 23 (8); 
X, 2 to 18 (17). 
Milwaukee...... IV, 29 to V, 2 (4); V, 23 to 29 (7); VII, | V, to 30 VII, 12 (44). 
13) to, VIR 21° (40) > Vink si) to exe 
(8) TXO15 to 25 (1D XL tones 
Wyoming: 
Cheyenne....... Agee iar oe Bean eK @ 6 ES hen ae Be TS Sah No rainy periods. 
danderehyee ae Vis 3 to EX eCLOL eee ak ae eee Vi 27 to VI52 (7): 


The lengths of the longest normally rainy periods in the period of 
the average frostless season, as given in the third column of table 14, 
are shown graphically on the chart of plate 50, in which the isoclimatic 
lines represent increments of 25 days. The total range for the country 
is from nil to 256 (Cape Hatteras, North Carolina). All of the region 
west of about the one-hundred-and-first meridian has exceedingly low 
values, most of them being zero, excepting the strip of country border- 
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ing the Pacific. The droughtiness of the intermountain area is here 
relatively exaggerated, on account of the choice of 0.10 inch as our 
constant in deriving these indices; the stations here characterized as 
having no normally rainy periods are not to be considered as really 
all alike in this particular. For the detailed study of the arid regions 
there seems to be no doubt that a lower value than 0.10 inch will be 
required. The precipitation provinces of the country, as indicated 
by the full lines of plate 51, are similar to those shown on plates 46, 
47, and 49. 

(8) Lenets or Lonazest NorMALLY Dry PrERrIop In PERIOD oF AVERAGE FROSTLESS SEASON. 

(TasLe 14, Puate 51.) 

These indices for droughtiness, corresponding to those for raininess 
just discussed, are given in the third column of table 14, and the 
method by which they were obtained has already been described. 
Plate 51 shows the chart constructed from these values. The isoclimatic 
lines are shown for intervals of 25, with full lines for the values 150, 
50, and 25. The total range of this index, for the entire country, is 
from zero (Cape Hatteras, North Carolina) to 299 (Los Angeles, 
California). The meridian of 101° west longitude again forms an 
important demarcation, separating the more humid east from the 
more arid west, and some other features are like those of the other 
precipitation charts. In the details of the Southwest this chart has 
peculiarities somewhat like those of plate 48, and will be referred to 
below. 

(9) NorMAL ANNUAL PRECIPITATION. (PLATE 52.) 


Since total annual precipitation is surely of considerable value in a. 
general estimate of the aridity or humidity of a region, we include in 
our series a reproduction of the chart of this feature published by Gan- 
nett.1 This chart has been drawn, as its author states, with consider- 
able reference to topography as well as to the records of about 4,000 
stations, and it appears to us to be the most useful annual rainfall 
chart of the United States thus far published. Data for normal annual 
precipitation for 167 stations are given in the second column of table 
15, for use in other connections, but these are not the data from which 
this chart was constructed. The data given in that table are taken 
from Bulletin R of the U. S. Weather eae Table 15 also includes 

data, which will be considered below. 
te Gannett’s chart, as here reproduced (plate 52), the isohyetal 
lines for 10, 30, and 50 inches are dotted and the others are full. All 
are drawn for increments of 10 inches. By the emphasized line 
for a precipitation of 30 inches the country is divided into 3 main 
istributi i Vv r Supply Paper No. 
Pee er Consevatio Colsuiaaon: 1000, ‘Woshington, "1000. 


The chart referred to is Plate I, and is publishedin color. The isohyetal lines of our chart (plate 
52) have been copied from Gannett’s plate I by means of a pantograph. 


PLATE 52 
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regions. The humid northwest occupies the western half of Washing- 

ton and of Oregon, practically the full width of northern California, 

and the whole of the Sierra Nevada Mountains. The arid and semi- 

arid central region occupies the country south and east of the zone 

just described, and extends eastward as far as a line drawn fromthe 

western end of Lake Superior to the Rio Grande at a point about 109, 

miles above its mouth. In this general description we of course NEG — 
lect the restricted mountain areas of Idaho, Wyoming, Colorado, etc. e.. 
The humid east occupies the region lying east of the line just men- . 
tioned. It should be added that the northern half of the southern 

peninsula of Michigan is also to be classed as semiarid on this basis, 

since its normal annual precipitation is less than 30 inches; this is a 

restricted area. & 

The arid precipitation zone is here shown as having values below 
10, and it occupies the Great Basin and extends southward into Mexico 
from Arizona and southern California. The humid region, as above 
defined, is here considered as divided into two provinces by the line 
for value 50, thus indicating a humid and a semihumid, or a rainy and 
semirainy province. ‘These four precipitation provinces do not require 
special discussion; their general characteristics are very similar to 
those pointed out for plate 46. 

The general north and south trend of the isohyetal zones is here 
seen to be modified by the Gulf of Mexico and by the southern Atlantic 
so that the lines of the eastern portion of the humid region trend north- 
eastward, or even eastward, instead of southward. The mountainous 
regions, of course, have higher precipitation indices than lowland 
regions of the same latitude. In general, the zones tend toward an 
arrangement parallel to the two coast-lines, which is readily explain- 
able on meteorological grounds and which is the reason for the north- 
south trend noted in all charts representing moisture relations. 


(10) ConcLusions From Srupy or PREcIPITATION CONDITIONS. 


The charts of precipitation conditions (plates 46 to 52) exhibit 
features that are markedly unlike those of the temperature charts 
(plates 34 to 45), as was of course to be expected. The precipitation 
zones have a strong general tendency to extend in a north-south 
direction, while those of temperature generally extend from west to 
east. We have found it convenient to consider the following four pre- 
cipitation provinces in the United States: (1) the humid (or rainy) rain- 
province, occupying a small area of the extreme Northwest and a larger 
area of the southeastern Gulf and Atlantic coasts; (2) the semihumid 
(or semirainy) rain-province, occupying a rather narrow strip of country 
southeast of the northwestern humid area and nearly all of the country 
east of a line drawn from Corpus Christi, Texas, to Winnipeg, Manitoba; 
(3) the semiarid (or semidry) rain-province, occupying a narrow strip 
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east and south of the northwestern semihumid area, the plains region, 
roughly defined as between the mountains and the Winnipeg-Corpus 
Christi line, and portions of the States bordering the Great Lakes; (4) 
the arid (or dry) rain-province, occupying, roughly, the region west of 
the Rocky and Big Horn Mountains that is not included in the west- 
ern and northwestern portions of the other provinces. The general 
forms of these rain-provinces are set forth in figure 2, which is taken 
from plate 46. 
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Fie. 2. Moisture zonation, according to precipitation indices for period of average frostless season. 
Precipitation provinces: Humid, more than 140; semihumid, 100 to 140; semiarid, 60 to 100; arid, 
less than 60. Numerical values are in the thousandth of aninch. (See also plate 46.) 


Plates 48 and 51 show somewhat marked departures from this 
generalization, consisting mainly in the westward or southwestward 
displacement of the arid province, so that the latter comes to include 
the southern half or more of the Pacific coast and little or none of the 
Great Basin. 

The other features of these two plates are somewhat different from 
those of the other precipitation charts, but still agree with them in a 
general way. The southeastern humid province appears on plate 49 
as three localized areas, two of which are where they would be expected 
(from a study of plates 46, 47,49, 50, and 51). The third area, however, 
is differently placed, occupying portions of Minnesota, Iowa, Mis- 
souri, Wisconsin, and Illinois. On plate 51 this southeastern humid, 
or rainy, region is much more extensive northward and northwestward 
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(than in the case of plate 46, for example), and southern Georgia and 
Alabama, and most of Florida are here shown as in the semiarid 
province. 


3. REMOVAL OF WATER FROM THE PLANT. 
A. INTRODUCTORY. 


(1) GeneraL Conrrot oF WarTER-Loss. 


The external conditions! that are effective in the control of water- 
loss from ordinary land-plants are generally confined to the aerial 
environment, for water is probably seldom lost through the subterra- 
nean periphery of the plant-body. The water-extracting conditions 
of the aerial environment are more directly related to climate than are 
the water-supplying conditions of the subterranean surroundings. 
Some of these conditions have been studied by meteorologists and 
climatologists, and the published records of the U. S. Weather Bureau 
will once more be drawn upon for climatological information wherever 
possible. : 

There are just two features of the aerial environment of plants that 
are directly effective in controlling their rates of water-loss—the 
evaporating power of the air and the intensity of absorbed radiant 
energy. These two conditions should not be confused; one is dependent 
upon air-temperature, air-humidity, and velocity of air movement, 
and the other depends upon the quality, intensity, and duration of 
sunshine, which is not generally a function of the air conditions 
immediately about the plant. Also, these two conditions should not 
be confused with evaporation, which is almost always done in common 
parlance. The rate of evaporation from a given water-surface is deter- 
mined by various internal conditions (resident in or back of the sur- 
face) and by these two external conditions. We shall, however, still 
frequently employ the term ‘“‘evaporation”’ as practically synonymous 

1 On the internal conditions that are effective in this regard, see Livingston (1906, 2).—Idem 
(1913, 2). Bakke 1914.—Shreve, F., The vegetation of a desert mountain range as conditioned 
by climatic factors, Carnegie Inst. Wash. Pub. No. 217, 1915, and the citations given in these 
papers. The xerophytism, mesophytism, etc., of plant forms, as these have been roughly con- 
sidered by observational and classifying ecologists, are mainly based upon the appearance or 
structure of the aerially exposed parts and, until the recent development of the concept of transpir- 
ing power, or resistance to transpirational water-loss (which is quite distinct from the transpira- 
tion-rate itself), but little progress has been made toward the quantitative definition of plants in 
this regard. If the transpiring power of plants might be as well known as the shapes of their 
leaves and the arrangements of their floral parts, a great impetus should be given to the more 
permanent aspect of ecological study. With a knowledge of this power for the various plant 
forms should of course go a similar knowledge of water-absorbing power and water-conducting 
power (see especially Livingston and Hawkins (1915), in this general connection), for the xero- 
phytism, etc., of a plant may depend on one of these latter rather than upon transpiring power 
alone. The measurement of these more recondite internal conditions has not as yet been seriously 
attempted, and methods therefor are still to be devised. Ecological plant geography will 
eventually need to define its plants physiologically as well as taxonomically, and the geographical 
distribution of species (itself as yet attempted only in a crude way) will become of little interest 


without some real knowledge of the physiological qualities by which these species resist or favor 
the various influences of the environment. In the present part of our study we confine attention 


to environmental conditions. 
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with atmospheric evaporating power, since this will be readily under- 
stood and since an attempt to avoid such practice seems somewhat 
pedantic at the present time. When the evaporating power of the air 
begins to enter seriously into climatogical studies this meaning of the 
word ‘‘evaporation” may be dropped. In short, it seems desirable to 
avoid clouding the main issue for the present, and we shall frequently 
employ the word “evaporation” to correspond with the word ‘‘pre- 
cipitation” as here used. The expression ‘‘evaporating power of the 
air,” or ‘‘atmospheric evaporating power,” will also be used, however. 


(2) ArmospHERIC EvaporaTINGc PoWER. 


This term is here used in Livingston’s! sense, meaning the tendency 
of the air about the plant to accelerate transpiration. The expression 
has been seriously opposed as an “inaccurate and misleading expres- 
sion,” by certain members of the staff of the United States Weather 
Bureau. Some of the discussion that has been raised in this connection 
is indicated in one of Livingston’s papers (1915, 2) and in footnotes, 
editorial and otherwise, incorporated therein. 

The objection to the term, as so far brought out in the literature, 
seems to reside mainly in the consideration that the non-aqueous gases 
of the air actually hinder vaporization of water (which they do to a 
comparatively slight degree), so that a decrease in the amount of these 
gases present must increase the evaporating power of the air. It does 
not appear, however, that this is really an objection to the term in 
question, especially since the meaning is understood immediately by 
everyone, and since no better term seems available as yet. Doubtless 
some of the misunderstanding brought out in this discussion hinges 
on what may be meant by air. The air is a mixture of varying 
proportions of various gases; it always contains (in nature) nitrogen, 
oxygen, and a little argon, but it also contains carbon dioxide and 
water-vapor, and frequently numerous other gases. We see no reason 
for not considering these last-named gases as a part of the mixture, and 
it is in the sense of air as the gas mixture bathing the evaporating sur- 
face in question that the word has been employed by Livingston and 
is here employed. Now, such a gas-mixture as the air may vary in the 
nature and proportions of its constituents, and it may also vary in its 
density, or pressure. As the pressure decreases the air becomes less 
dense, and this purely physical change makes it possible for evapora- 

1In this connection, see the following papers: Livingston (1906, 2).—Idem, Evaporation as a 
climatic factor influencing vegetation, Hort. Soc. New York, Mem. 2: 43-54, 1910.—Idem, 
A schematic representation of the water-relations of plants, a pedagogical suggestion, Plant 
World 15: 214-218, 1912.—Atmometry and the porous cup atmometer, Plant World 18: 21-30, 
51-74, 95-111, 143-149, 1915.—Idem, Atmospheric influence upon evaporation and its direct 
measurement, Monthly Weather Rev. 43: 126-131, 1915.—Idem, A modification of the Bellani 
porous plate atmometer, Science, n. s., 41: 872-874, 1915.—Idem, A single climatic index to 


represent both moisture and temperature conditions as related to plants, Physiol. Res. 1: 421-440, 
1916.—Idem, Atmospheric units, Johns Hopkins Univ. Cire., 160-170, Mar., 1917. 


CLIMATIC CONDITIONS OF THE UNITED STATES. 285 


tion to proceed at a higher rate than is obtained with greater pressure. 
It is likewise true that an alteration in the water-content of the air 
changes the rate at which evaporation may occur, ceteris paribus. 
Furthermore, a change in the temperature or velocity of movement of 
the air (wind) over the evaporating surface also alters the possible rate 
of evaporation. It is thus seen that both physical and chemical changes 
in the air exert an influence on the rate of evaporation from exposed 
liquid or solid water. That a decrease in the amount of gas present 
per given volume should accelerate evaporation is surely not a matter 
to cause misunderstanding, for we regard the mixture as air, at what- 
ever density it may occur. It thus appears that the evaporating power 
of the air increases as the density of the air decreases, and this con- 
sideration appears to clear up the whole difficulty above mentioned. 
The usual popular quibble over the conception of limits arises here, 
as elsewhere in physical science, when we consider the result of decreas- 
ing the air-pressure to zero. In such a case the air approaches, and 
finally should become, an absolutely empty space, without tempera- 
ture and without chemical nature. Such an absolute vacuum would 
have the highest possible evaporating power, in Livingston’s sense, 
and after such a condition had been reached (if it could be maintained) 
the rate of evaporation from exposed liquid or solid water should be 
controlled only by conditions resident in the liquid or solid itself. This 
condition is impossible of attainment, of course, so that the evaporat- 
ing power of the air never becomes infinite, but this consideration is 
valuable in that it shows clearly how this power becomes greatest 
when there is the least gas present in the air-space. The quibble arises 
over the popular interpretation of the apparently paradoxical statement 
that the evaporating power of the air is greatest when all the air has been 
removed. Of course, when the limit is reached and the air-pressure is 
actually zero, we have to broaden our definition of air so as to let the 
term mean the space abutting against the evaporating surface into 
which water vapor may diffuse. That this is necessary at the limit of 
reduced pressure (which is never really attained) seems to be no reason 
for changing our term, though if it seems desirable we are free to admit 
that the term in question really denotes the evaporating power of the 
circumambient space in which air usually occurs. eds ¥ 
Another objection to the term “evaporating power of the air” is 
parallel to the one always raised against the word suction. The water 
vaporizes because of conditions resident in its solid or liquid phase, 
and the energy thus transformed does not come (directly) from the 
air-space. Just as the term “suction,” or sucking power, has to be 
regarded as referring to the removal or decrease of a resistance, rather 
than to the application of a driving force, so the evaporating power of 
the air is to be regarded as proportional to the reciprocal of the measure 
of the resistance offered by the air to evaporation. The resistance thus 
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offered may be expressed in terms of the water-condensing power of 
the air, but, as Livingston has remarked, air without actual tendency 
to precipitate or deposit liquid or solid water still offers resistance to 
evaporation: 


“Air without water-vapor offers resistance to evaporation but has no condensing power; 
it can not deposit water upon a surface, no matter what its pressure may be. The resistance 
offered by such dry air can be expressed in terms of an equivalent condensing power, however. 


In answering this second objection to the term ‘‘evaporating power 
of the air,” a third possible objection is also partly answered. This 
objection arises from the various senses in which the word power is 
used. If we are interested only in the statical phase of the matter 
before us, then the evaporating power of the air is proportional to the 
reciprocal of the measure of the capacity of the air-space to retard the 
vaporization of water, from a liquid or solid water surface exposed to 
that space. The dynamic phase of the problem of evaporation, how- 
ever, allows the use of the word “power” in its ordinary physical 
sense, as denoting the time-rate of doing work. The conditions resi- 
dent in the air-space are thus thought of as somewhat like a brake on 
a wheel, and we consider a time-rate of the reciprocal of resistance to 
evaporation. Thus, our use of the word ‘‘power” is not with the 
meaning of spatial capacity, but we employ the word in its true physical 
sense, as though the air were a machine acting to retard evaporation. 
As in other cases of power measurement, it is necessary to measure 
the power in question in terms of the amount of work capable of being 
performed in a given time period. Internal conditions, resident in the 
solid or liquid phase of the water, determine what would be the rate of 
evaporation if the air-space offered absolutely no resistance, and if 
these internal conditions remain constant the amount of evaporation 
occurring per time period is proportional to the reciprocal of the power 
of the air to behave as though it were condensing water-vapor upon 
the exposed surface. The reciprocal of the rate at which water would 
be condensed if all of the tendency of the air-space to retard evapora- 
tion were effective toward actual condensation is thus proportional to 
the tendency of the air conditions to allow evaporation to proceed, and 
this may be relatively measured as a power by determining the amount 
of water actually vaporized per time period. Of course, the conditions 
resident within the solid or liquid surface are never even sensibly con- 
stant for long, and the actual rate of evaporation depends not only 
upon the evaporating power of the air, as above defined, but also 
upon the internal conditions. The evaporating power of the air is 
thus relatively measured as the time rate of the reciprocal of the 
resistance offered by the air to evaporation, this resistance being 
measured in terms of equivalent condensation. But condensation is 
merely negative evaporation, so that when the air conditions aresuch 
as to make the external resistance just equal to the internal tendency 
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(within the solid or liquid phase) to vaporize water, then the apparent 
tate of evaporation becomes zero. Going further, the external condi- 
tions frequently become such that the resistance offered by the air to 
vaporization of water is greater than the tendency of the internal 
conditions to cause vaporization, this resistance being due toa ten- 
dency of the air to deposit water on the surface, and actual condensa- 
tion ensues; 7. e., the evaporating power of the air becomes negative 
and the evaporating surface gains water instead of losing it. 

There seems never to have been any attempt to define air according 
to its chemical content; it would still be air if it were largely carbon 
dioxide or hydrogen, etc., and it seems unadvisable to attempt a 
restriction of the terms “air” and ‘‘atmosphere”’ at this late day. 
For the rest, the expression ‘“‘evaporating power of the air’’ has been 
in use among students of this power at least since 1906 (when Living- 
ston used it). Itwill probably appeal to most students of this poweras 
quite unobjectionable and it need not be dropped. Livingston (1917, 1) 
has suggested aimometric index as still another term, to avoid the 
difficulty just mentioned and to avoid the necessity of employing 
evaporation to mean both the process and one of the conditions 
controlling its rate. We shall not employ this new expression, how- 
ever, preferring to allow others to decide the question thus raised. 

The evaporating power of the air is of the utmost physiological 
importance to vegetation, and it can be rather readily and directly 
measured, in relative terms. Nevertheless it has not been seriously 
studied in the United States, and most of the information so far 
obtained in regard to it is only indirect. To appreciate what ones of 
the climatic conditions usually measured may be valuable here, it is 
necessary to consider the secondary conditions, upon which depends 
the atmospheric evaporating power. 

The vapor-tension deficit—Without air-movement, and supposing 
the air and water temperatures to be the same, the evaporation-rate 
should be nearly proportional to the vapor-tension deficit; that is, to 
the difference between the maximum vapor-tension for the given air- 
temperature and the tension of water-vapor actually present in the 
air. The actual vapor-tension in the air is a closely approximate 
measure of the tendency toward condensation and the maximum vapor- 
tension for the given temperature and pressure is a measure of the 
- whole tendency toward evaporation; the former tendency overcomes 
a portion of the latter and what remains is very nearly the actual 
tendency toward evaporation. The maximum vapor-tension of water 
is, of course, a constant for any temperature and barometric pressure, 
and its value may be obtained from physical tables. The actual 
vapor-tension is seldom as great as the maximum; it is so only in the 
case of water-saturated air. If we allow H and EF’ to represent evapora- 
tion-rates from the same surface at different times, P and P’ the 
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maximum vapor-pressures corresponding to the respective air-tempera- 
tures, and p and p’ the corresponding vapor-pressures of water actually 
in the air at those times, then 

Ea 

E’ px P’ ee p' 
Under such conditions P—p and P’ —p’ are measures of the respective 
forces tending to drive water-vapor off from the surface into the air. 
To determine the values of p and p’, we may measure the absolute 
humidity by chemical methods, we may resort to the sling psychrom- 
eter or any form of wet and dry bulb thermometer with constant and 
rapid air-movement, or we may employ the Regnault dew-point 
apparatus. It is clear that the values of p and p’ depend upon the 
absolute humidity and upon the air-temperature and barometric 
pressure, while the values P and P’ depend only upon the temperature 
and barometric pressure. Since the influence of barometric pressure 
is relatively small under natural conditions, it need not be seriously 
considered here. The vapor-tension deficit is seen to include the air- 
temperature influence. 

Relative humidity—The vapor-pressure deficit is not one of the 
climatic features usually determined by climatologists, who have 
rather uniformly followed earlier workers in the employment of the 
concept of relative humidity in its stead. Relative humidity is the 
vapor-pressure of the water-vapor actually present in the air expressed 
as percentage of the maximum vapor pressure for the given temper- 
ature and pressure; it is simply the percentage of water-saturation of 
the air. This bears no quantitative relation to atmospheric evaporat- 
ing power, even with wind and barometric effects left out of considera- 
tion, for it is obvious that air with a given relative humidity must be 
more effective in promoting evaporation at a higher temperature than 
at a lower. It is not the percentage of the maximum vapor-pressure 
actually present, but the difference between the maximum pressure and 
the actual, which measures this influence upon evaporation-rate. 
Since the maximum increases with temperature (though not propor- 
tionally), a given percentage of deficit must represent a larger actual 
deficit as the temperature rises. 

If H and H’ represent the relative humidity of the air at different 
times, the remaining symbols being the same as above, then 


eye 

H' 3 p' / P’ 
From this it is clear that, if the air-temperature is known in each case, 
thus furnishing the values of P and P’, the vapor-pressure deficits 
means found; from this equation and the one for E/E’, given above, 
it follows that 

E P(d-d) 


HPWH 
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In other terms, the rate of evaporation is, under the assumed condi- 
tions, proportional to the product of the maximum vapor-pressure of 
water, for the given air-temperature, and the complement of the 
relative humidity. 

Relative humidity is commonly measured and discussed in climato- 
logical studies, and its complement is sometimes employed as a measure 
of atmospheric dryness. They are both easily seen to have no definite 
relation to the evaporating power of the air. There is here, however, 
a general and merely qualitative relation; high relative humidity 
usually corresponds to low atmospheric evaporating power, and the 
reverse. We shall have to deal with relative humidity in our discus- 
sion of the climatic conditions influencing evaporation, but this con- 
cept is to be clearly appreciated as without logical foundation; it is 
simply a mathematical abstraction and its value to agriculture or 
ecology will have to be determined by direct empiricism. It may be 
here suggested that vapor-tension deficit is the climatic dimension 
that should be measured by ecological workers, if the analysis needs 
to be carried so fart. Fortunately, the evaporating power of the air 
can be directly measured, and much more readily and usefully than 
can this deficit, and it seems not at all necessary at present, for ecologi- 
cal purposes, to analyze this power into its components. 

Wind.—Besides the vapor-tension deficit, atmospheric evaporating 
power is greatly influenced by air-movement; with increasing wind, 
ceteris paribus, the evaporation-rate is accelerated. Here again, 
however, the relation between wind velocity and evaporation-rate is 
not a linear one; with low velocities the effect of alteration in wind 
velocity is great; with high velocities this effect practically vanishes, 
and the relation of the two features for any given range of velocity 
depends upon the kind and upon the exposure of the evaporating sur- 
face. As has been mentioned, an enormous amount of effort has been 
expended in attempts to find empirically a formula by which evapora- 
tion might be calculated from measurements of other climatic condi- 
tions, and the argument over the wind factor has been greatly pro- 
longed. Such attempts have failed, as they always must until the 
problem is first solved by controlled physical methods, which solution 
has not yet been seriously attempted. When a solution is reached, 
however, it will obviously hold only for some particular kind, size, 
etc., of evaporating-pan or other atmometer. 

As a climatic feature that must surely influence water-loss from 
plants, but the exact nature of whose influence is still quite beyond our 
reach, wind velocity will be but briefly touched upon in our study. On 
theoretical grounds this is not a promising criterion for ecological 


1 Livingston, B. E., The vapor tension deficit as an index of the moisture conditions of the air, 
Johns Hopkins Univ. Cire., Mar. 1917, pp. 170-175.— Johnston, Farl 6., The seasonal march of 
climatic conditions as related to plant growth, Maryland Agric. Exp. Sta., in press. 
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climatology, and it is practically unsatisfactory on account of the 
inadequacy of the information in this regard which is now available. 


(3) ABSORBED RapIATION. 


Reverting again to the conditions controlling water-loss from plants, 
we have said that there are, generally, two of these—the evaporating 
power of the air and the intensity of absorbed radiant energy. The 
first of these has been discussed in sufficient detail for present purposes 
and the second remains to be considered. By far the greater portion 
of the radiant energy intercepted by plant surfaces comes directly 
from the sun; other sources of radiant energy appear to be practically 
negligible under most natural conditions. It is therefore absorbed 
sunshine (light and heat) that needs attention at this point. 

The intensity of absorbed solar radiation is determined by three 
conditions—the intensity of the impinging rays, the angle at which 
they meet the exposed surfaces, and the absorbing power of the sur- 
faces. The last is an internal condition, effective within the plant, 
with like transpiring power, water-absorbing power, etc. With this, as 
other internal conditions, practically nothing of a quantitative nature 
has yet been attempted.? 

The angle at which the impinging rays meet plant surfaces varies 
with the time of day, with the season, and with the shape and position 
of the plant; but since ordinary plants offer absorbing surfaces to solar 
radiation at all possible angles, it is only in special studies of special 
species (as of ‘‘compass plants,” for example) that this matter may 
require attention. We may ignore the angle of incidence in our present 
discussion.” 

The intensity of the impinging radiation is obviously the feature 
dealt with in climatology as sunshine intensity. For the measurement 
of this, various methods have been devised from time to time (such 
as the black-bulb thermometer, the bolometer, the pyrheliometer, the 
Hicks solar radio-integrater and several forms of photographic actinom- 
eters), but no data are available for a quantitative climatological 
study of this condition. It appears probable that the radio-atmometer® 
may furnish adequate information for ecological purposes, when its 
value in this connection has become appreciated. 

A very distant approach toward the measurement of sunshine 
intensity, and the only systematic attempt in this direction thus far 

. Briggs and Shantz have argued that only the vertical component of solar radiation is to be 
considered as effective upon plants. It seems to us that this question requires experimental 
investigation before its detailed discussion may be attempted. We may add here the remark 
that the surfaces of most plant leaves occupy almost all conceivable angles with the vertical, so 
that the exposure of the plant as a whole must approach being equivalent to that of a sphere 
or of a vertical cylinder with spherical top. For the opposite argument, see L. J. Briggs and 
H. C. Shantz, Hourly transpiration rate on clear days as determined by cyclic environmental 


factors, U.S. Dept. Agric., Jour. Agric. Res. 5: 583-649, 1916. 


* Livingston, B. E., A radio-atmometer for measuring light intensity, Plant World 14: 96-99 
1911.—Idem 1911, b; Idem 1915, a; Idem 1916, b. ‘ 


CLIMATIC CONDITIONS OF THE UNITED STATES. 291 


carried out by the United States Weather Bureau, consists in the 
determination of the number of hours of sunshine occurring each day 
at the various stations. It is to be emphasized that the sunshine 
recorders now generally in use give but little information as to the 
intensity of the sunshine itself; they record the duration aspect of that 
range of intensities which is called direct sunshine, but the limits of 
this range have never attracted attention and are not established, so 
that the whole mass of dataso derived are anything but precise. Never- 
theless, some of the sunshine data of the United States Weather Bureau 
will be considered below, since they furnish the only available measure- 
ments having any bearing at all upon the matter before us. 


B. ATMOSPHERIC EVAPORATING POWER IN THE UNITED STATES. 
(1) Very Limirep Nature or AVAILABLE Data. 


To obtain data bearing on atmospheric evaporating power it is only 
necessary to operate a number of atmometers of the same form in the 
various climatic regions dealt with, being sure that all have similar 
local exposures. The importance of this condition to plant and animal 
life and the relative ease with which it may be measured makes it 
appear surprising 'that practically no organized study of evaporation 
throughout the United States has yet been undertaken. Had evapora- 
tion been recorded as thoroughly as precipitation has been, we should now 
be able to construct relatively satisfactory atmometric charts, but the 
almost utter lack of data makes this practically impossible at present. 
To render our position in this connection still less satisfying, it is to be 
remembered that observations of any climatic condition, extending 
through a single year, are of but little value; if evaporation measure- 
ments were to be systematically begun in the present and were to be 
systematically continued, it would require many years of records to 
render these measurements as valuable climatologically as are those of 
temperature and precipitation at the present time. It seems now, 
however, that students of climate will hardly be able to persist much 
longer in their too common attitude of ignoring the evaporating power 
of the air. As we have emphasized, this climatic feature is probably 
as important from the standpoint of agriculture and etiological plant 
geography as either temperature or precipitation, and its investigation 
seems likely to be carried forward first by agriculturists and ecologists. 

While it is possible to collect from the literature numerous instances 
in which evaporation has been measured at a single station for a longer 
or shorter period of years, such measurements can not usually be 
correlated with those for other stations, either because the same years 
are not involved or because different kinds or sizes of atmometers have 
been employed. Aside from such cases,’ which are all valuable—at 


1 Most of these cases are mentioned in: Livingston, Grace J., An annotated bibliography o 
evaporation, Monthly Weather Rey. 36: 181-186, 301-306, 375-381, 1908; 37: 68-72, 103-109 


157-160, 193-199, 248-253, 1909. 
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least in showing the importance of this climatic condition—there are 
available just two logically planned series of atmometric measure- 
ments in the United States. One of these series was carried out by 
Russell for a single year, beginning in the summer of 1887. The other 
was conducted by the present writers during the summer of 1908. 
Approximately 20 years elapsed between these two series of observa- 
tions, and no thorough study of this feature has been completed since 
the last-named year, although the U.S. Weather Bureau is giving in- 
creasing (but always secondary) attention to evaporation. It should 
be noted that the United States Signal Service, the precursor of the 
United States Weather Bureau, carried out the earlier of these series, 
the second series being under the auspices of the Department of Botani- 
cal Research of the Carnegie Institution of Washington. These two 
series of atmometric observations, and the results derived from them, 
will now be considered in order. 


(2) Russetu’s Data oF EVAPORATION IN THE UNITED STATES. 


Evaporation intensities for period of average frostless season. (Table 
11, plate 53 and fig. 14.)—-Russell’s' study of evaporation extended from 
July 1887 to June 1888 inclusive, and this author prepared an 
evaporation chart of the country, but the data thus used were cal- 
culated. For the period from June to September 1888, Piche atmom- 
eters were exposed in louvred instrument shelters at 19 stations. 
An experiment in a closed room, employing two Piche instruments 
and two open pans of water, gave data from which Russell calculated 
that the Piche instrument lost 1.33 times as much water as did his 
free water surface.2, By use of this ratio the readings of the Piche 
instruments in the louvred shelters were converted into losses from 
the free water surface of the particular kind of pan used in the labora- 
tory test, and these, as tri-daily readings, were compared with the 
corresponding dew-points and wet-bulb temperatures within the shel- 
ters. From this comparison Russell derived. a formula by which he 
afterwards calculated the evaporational loss from free water surfaces 
in the shelter, for 140 stations in the United States. In his paper he 
presents a table of the monthly calculated rates (July 1887 to June 
1888), and also the annual totals. 

In order to make use of these data in connection with the length of 
the average frostless season, as we have employed the latter, we have 
proceeded as follows for each station involved. The evaporation data 
for all whole months included in the average frostless season have been 


1 Russell, T., Depth of evaporation in the United States, Mo. Weather Rev. 16: 235-239, 
1888. See also Kimball, H. H., Evaporation observations in the United States, Monthly 
Weather Rev., 32: 556-559, 1905. 

? Of course this relation must vary more or less markedly with temperature and humidity 
conditions, even where the wind influence is out of account; but Russell seems to have ignored 
this consideration entirely, along with the other important consideration that the amount of 
evaporation is dependent on the sort of pan used. 
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summed, and to this sum have been added two quantities, representing 
the evaporation for the two fractional parts of a month at the beginning 
and at the end of the frostless season, respectively. These added 
amounts have been derived, in each case, by dividing Russell’s evapora- 
tion-rate for the month in question by the number of days in that 
month, and then multiplying the resulting quotient by the number of 
days of the same month comprised in the period of the average frostless 
season. 

The total evaporation for the season thus obtained is next divided 
by the number of days in the period of the average frostless season. 
Thus, for example, if the season extends from April 24 to October 3, 
we sum Russell’s monthly rates for May to September, inclusive, and 
add to this six-thirtieths of Russell’s rate for April and three thirty- 
firsts of his rate for October. We then divide this total by 162, the 
number of days from April 24 to October 3. The seasonal totals and 
the approximate average daily evaporation-rates (1887-88) for the 
period of the average frostless season, obtained as just described, for 
133 stations, are given in columns 6 and 7 of table 11, and the latter 
data are spread on the chart of plate 53, where the positions of the 
stations employed are again shown by small circles. It should be 
emphasized that Russell’s data for June, and earlier, refer to 1888, 
while those for July, and later, refer to 1887. We have merely made 
the best possible use of the available data. 

The isoatmic lines of this chart are drawn at intervals of 20 thou- 
sandths of an inch of average daily depth of loss from some hypothe- 
tical pan of water, Russell’s measurements being in such terms. The 
total range of values is from 52 (Tatoosh Island, Washington) to 349 
(Independence, California). 

On this chart of the approximate average daily intensities of atmos- 
pheric evaporating power for the period of the average frostless season, 
from data of 1887 and 1888, it appears that the isoatmic lines in the 
vicinity of the oceans have a very pronounced north-south trend. 
They also have a north-south direction in the plains region. Little 
relation to latitude, or to temperature, is here discoverable; during the 
frostless season temperature is not usually a prime condition in the 
determination of differences between different stations in the evaporat- 
ing power of the air. 

The lines for values 120, 160, and 240 are shown on plate 53 as dis- 
tinct from the others, and these may be taken as dividing the country 
into four evaporation provinces. Following our usage in the case of 
the precipitation indices, these provinces will be termed arid, semi- 
arid, humid, and semihumid. They are shown also in figure 14, 
which is derived from plate 53. This zonation is different from that 
shown for precipitation in several important respects. Here the 
humid province (values above 120) appears again as a western and an 
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eastern portion. The western portion is much larger in this case, how- 
ever, occupying the Pacific Slope for practically the full length of the 
western coastline and widening at the north to include about the 
western half of Washington. The eastern humid region has an entirely 
different form from that shown on the precipitation charts. Here it 
does not occupy the southeastern part of the country, but embraces 
the northern margin from about the one-hundredth meridian eastward. 
It also occupies portions of the Atlantic coast as far south as Cape Fear. 
It appears that the line for value 120 passes into Canada from Wash- 
ington and reenters the United States in North Dakota, so that these 
two portions of the humid province are probably to be regarded as a 
single one. It should be noted, furthermore, that the Atlantic coastal 
portion from Massachusetts, or New Jersey, southward appears to be 
separated from the northeastern portion, and that a small area of humid 
conditions is shown about Corpus Christi and Brownsville, Texas. 
These features will appear more prominently on the charts of pre- 
cipitation-evaporation ratios and on those of relative humidity, to 
be considered below. ’ 

The arid province (values above 240) occupies much the same 
region as in the case of the precipitation charts, but it does not here 
extend west of the Sierra Nevada Mountains. Of course, the western 
mountains are largely humid, but our charts do not generally present 
such details. The semiarid province (values between 160 and 240) 
occupies a belt outside of the area of the arid province, and this belt 
is extended eastward in the middle of the country nearly to the Appa- 
lachian Mountains. This eastern lobe of the semiarid province will 
also be pronounced on the charts of moisture ratios and relative 
humidities. The line separating the semiarid from the eastern semi- 
humid area (value 160) does not here bend eastward at its northern 
end as it does on the precipitation charts; on the contrary, it here 
bends westward and apparently joins the corresponding line which 
enters Canada from western Montana. 

Annual evaporation intensities. (Table 15, plate 54.)—Russell’s 
table gives. the yearly totals for his series of stations, in inches of 
depth from some hypothetical pan of water, and he also presents a 
chart to represent these annual data. The data are reproduced in the 
third column of table 15 and they are shown graphically by the chart 
of plate 54, which is not exactly the same as Russell’s chart, a number 
of obvious errors in the latter having been corrected here. The total 
range for the country is from 18.1 (Tatoosh Island, Washington) to 
101.2 (Fort Grant, Arizona), and the isoatmic lines are placed at 
intervals of 10 inches, with full lines for the values 30, 50, and 80. 

This chart has a pronounced general resemblance to the one repre- 
senting evaporation for the period of the average frostless season 
(plate 53), but it differs quantitatively therefrom in several important 
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features. The northwestern portion of the humid province (values 
below 30) is less extensive, and the Pacific Slope is here depicted as in 
the semihumid province. The eastern portion of the humid province 
appears here about as in the case of plate 53, but it does not extend 
southward farther than Rhode Island, on the Atlantic coast. The arid 
province (values above 80) is here shown as smaller than in the pre- 
ceding case. The great eastern lobe of the semiarid province (values 
between 50 and 80), reaching nearly to the eastern mountains on plate 
53, is not present on plate 54, but a large area of values above 80 is 
shown as extending from St. Louis, Missouri, and Louisville, Ken- 
tucky, to Key West, Florida. 

Evaporation intensities for the three summer months. (Table 15, 
plate 55.)—Because we shall wish to compare the Russell evapora- 
tion data with those obtained by ourselves (to be considered below), 
and since it is impossible to employ the length of the mean frostless 
season as duration factor in connection with the latter, it is expedient 
here to study Russell’s data for the period of the three summer months, 
June, July, and August. For a period approximately comparable to 
this our own data may be studied. 


TasLe 15.—Precipitation and evaporation data for the year and for the three summer months 
June to August. 
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Tasie 15.—Precipitation and evaporation data for the year and for the three summer months 
June to August.—Continued. 
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TOSCO ns cae snd.e tete Rincon anes Doak 63.9 0.20 ee 25.8 0.473 
TQ WIStO Meio aoe: ol hee axe Fisets ESAS Ie chee ental mei eneleser LESS al aneaese labeccra akon te 
Pocatellose ss os. seni acepee VOC OS Fg bare sere |Netoyedys ions PALS |letrcsepictes || Mak seselieters 
Tilinois: 
CaITOMe AAs octets seers Ali 48.9 0.85 10.69 16.4 0.652 
TCALO Peale ois & arsed chs 33.28 36.8 0.90 10.18 15.5 0.657 
Marsalles. Bote sk deeb teders hes Steal Sc Rep Soctee LOMO alegre toate Mee eae 
POOLS eee acrnera tiie Chore hage OO ON east peritay cod ray ster DEO me eer cok | waaeae seats 
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Tasie 15.—Precipitation and evaporation data for the year and for the three summer months 
June to August.—Continued. 


= B aa8 4 8 On Ise ge 

¢.| 2. [282 [88 | se |RESae 

ace é Sy #65 2. § F a - aco Oe % 

ak iss +. 2 o.4 aor 

aa | #8 [Pabelie | Polen leben 
Station. £8 ge Poe Sn ay PS a eed 

| so |gas Ciera Naas BLE SE) 

te} Sard aes OO) Spier ae Fy. tec I 4 

e801 8 ae” eee Sl one |e a eee 

FS | a8 |o8a 8 | £88] a8> lone escls 

5 5 $5 |/B8a a BSE | 828 |S 5 ae 

A low Z H jon} 

Indiana: inches. | inches. inches. | inches. 
Bivansville.....:.... PETS le, thn |e ok peer LU 22s} Soe ee hn eee 
Indianapolis....... 41.48 48.6 0.85 in ries 20.3 0.580 

Iowa: 

Charles City ..-.--- BE al fg Sere aro” — arpa 12210" Vice. Sel ee eee 
Davenport.........| 32.69 39.0 0.84 11.30 Liat 0.639 
Des Moines........ 32.45 36.0 0.90 12.43 15.5 0.802 
Dubuquessasee eee 34.01 33.2 1.02 11.89 152 0.783 
WeOluikc eaee ie ne 30207 42.9 0.82 11.62 18.1 0.642 
snobs (OM omacaoaes D5 Gill mate soce cell men meteteacnee LOO Sees ell ee a 
Kansas: 
Concordia......... 27.47 47.2 0.58 11.40 18.2 0.626 
DodgeiCityo em. .t os 20.84 54.6 0.38 9.29 2265 0.417 
POpPeKAaR eee es 33.76 36.1 0.94 13.95 13.9 1.004 
Waichitaan ia -ereoe e +31 WR OP cae congested CTA R OS oe cue te cuemenee 

Kentucky: 
ihexing tome eee ADE OS al Rares | emanates 12:00 | ihc ls Cees ine 
Mouisyville sea 44.33 54.8 0.81 11.58 20.0 0.579 

Louisiana: 

New Orleans....... 57.42 45.4 Lea 18.24 12.5 1.459 
Shreveport.........] 45.68 | 45.6 1.00 9.54 14.3 0.667 

Maine: 

MastooLtmecaete eee 43.27 25.2 Lee, 9.92 CES i Ry fa 
Portland eae seer 42.51 LONG 1.43 10.18 11.0 0.926 

Maryland: 

Baltimore a.niese ear 43.18 48.1 0.90 12.87 16.6 0.775 
Washington, D.C..| 43.50 45.6 0.95 13.23 16.3 0.812 

Massachusetts: 

IBOSbON Seas Mees 43.38 34.4 1.26 10.42 iy 0.796 
Nantucket......... 37.00 25.6 1.45 8.14 9-2 0.885 

Michigan 
AIM Ona aa cant tetees 33.20 24.3 evs 9.95 eed: 0.896 
Detroitysneemen terre 32.16 36.0 0.89 10.14 15.9 0.638 
Hscanaba.........- ieee W aS WAS lesbos ORG Do i" Secs cctavees Ne mee aera 
Grand Haven...... Slee 28.6 LO : 7.67 12.3 0.624 
Grand Rapids...... SLA tee ea mee eres CCAS acento emerge ae 
Hough tons)eeoe et S25 OSisliee as eect. geenre cere OF4.G) |) Serres, || ae en 
Lansing (S63)......| 30.99 27.6 1.12 10.10 12.2 0.828 
Marquettes-oee seer 32.63 24.5 SS 9.47 10.0 0.947 
IPort Huronepeecee 30.65 293 1.05 8.61 12.6 0.683 
Saultrotes Marios. (ews les: |i eeen | mene eee SOO | Getesy tara mame 

Minnesota: ional 
IDNs en a sau o 29.93 23.0 1.30 it ak 9.8 1.196 
Minneapolis....... 29\.3 1 gi Recerca eaeteneeee LLB terete notes |. sek 
Moorkheadion enn 24.92 26.3 0.95 10.97 10.8 1.015 
as Hog: 2 Rieaeeoane 28.68 28.1 1.02 ala ee 12.8 0.883 

embina (857)..... 
(St vik \ 20.31 | 22.1 0.92 9.04] 9.6 0.942 

Mississippi: 

Meridian... ae OS 2On | Marcel ale eae 12 Geen ee | meee 
Vicksburg......... 53.74 | 47.1 1.14 12.44} 13.8 0.902 


CLIMATIC CONDITIONS OF THE UNITED STATES. 301 


TaBLE 15.—Precipitation and evaporation data for the year and for the three summer months, 
June to August.—Continued. 


= =I maton Fa 1 ' hens 
pecs ce haa fee |RES ES 
as ae) ae A= an 2° ab 
Sa cons) @ 3:8 : ss IS dao am oe 
Pee eitlte eles lie. 
é a8 = - ak aS pa ae] ty 5 n & 
Station. £2 3 BS 3 als ea EES onS aa 
coe, Or Skane | £€,%] os Reese 
a= > 3B MS Een Sic", Ss Ee S36 
oe om 35 8 + 2 Fes SBAR RBS 
SS r= Oa nk Cet q g <4 cy Se Qy wie 
ge | as | e888 | £88) a8, lease sees 
5 & 2 2S Nt BSA] Sao (os 85 a 
4 a fq Z a oe 
inches. | inches. inches. | inches. 
Missouri 
Columbia... ok eck SO sO! Wh esa) Med MTAOT Widteerces. oy lee wbeiraee 
oe Te St oe SLS2OUIE or Sota) bch LOVGD Wigs eo ol meee ae 
fee ae - \ 37.28 | 41.6 0.90 14.25 | 15.8 0.902 
Hamar i(S49)\ir0. 54 o« 41.24 39.6 1.04 isnol 14.6 0.925 
Sie louis... Sn: 37.20 52.2 Onna 10.56 20.5 0.515 
Springheld-: >... ...- 44.57 38.3 1.16 14.29 12.4 1.152 
Montana: 
et elute “1 14.56 | 52.0 0.28 5.04 | 22.5 0.224 
oe Assiniboine) |p 13-67 | 39.5 0.35 6.00 | 16.5 0.364 
Helene 8 ae oo ee LP Hl 53.4 0.24 3.87 20.4 0.190 
Kalispell i. 5 2s. P6504 ye ed ee BAA ieracs = lh manner aa 
Fort Maginnis (S30)| 16.52 35.8 0.46 5.20 16.0 0.325 
Miles City...2.0%.. dF. a rears, 5 al ee Be | BUT A San ots |: uke eee 
Poplar (S30)/5...... 
(Poplar River). \ 13.59 | 35.4 0.38 5.66 | 16.5 0.343 
Nebraska: 
Greten(S3Z eases 29.06 35.5 0.82 13.02 14.8 0.880 
INCOM sss eute cs DRO LMI crate | cit ees WLISO) |e crt rere ok Aer Rao kseer 
North Platte 18.86 41.3 0.46 8.39 17.7 0.474 
Omaha erect fe ota 30.66 41.7 0.74 13.00 16.6 0.783 
Valentine: 2.0). - 22.46 43.8 0.51 10.03 ine 0.584 
Nevada: 
TREO A ae ths cea Oth ee UE. Se ee aD ee ee OS63 Be ettrte cae wee teks 
Winnemucca....... 8.40 83.9 0.10 0.98 33.6 0.029 
New Hampshire: : 
SRC ONCOLG net ote its. « 
(Manchester) ath } 40.11 30.0 1.20 10.87 12.4 0.877 
New Jersey: 
Atlantic City...... 40.82 25 .2 162 SGN Eh 9.8 Tess 
Cape May sj. 55- AEC aitre oeterersE le, coe tarsal LOJO8" |. cae || AB Means 
New Mexico: } 
Fort Stanton (S2)..} 16.70 76.0 0.22 8.07 31.9 0.253 
Sante Hey... welaeas 14.49 79.8 0.18 6.11 31.9 0.192 
New York: 
PAU DAI: seer ans Aeuttchee 36.38 34.8 1.05 11.62 14,2 0.818 
Binghamton....... PAE Fe ell doers ee 0 Mena ney ei NOCAS wll eprcese: |), wey kkaeee & 
IButaloweese aoc tere« 37.28 32.9 113 9.53 14.0 0.683 
Cantonese SOMES GE ore etaccen:| ee Pa aaieae OFSD atl a ccke a. slam eae 
Ghia Cates crserstseacane 3 Ba | wee he e718 | ety aeRC NOSS7 APaaeicrdkls peaetaelee 
IN@wa Yorker: ttn. os 44.63 40.6 1.10 12.33 14.8 0.834 
OSWELOn ewe none cise 36.18 28.9 1.25 9.35 ihre 0.799 
Rochester......... 34.27 32.4 1.06 9.18 126 0.675 
SyLlracuseees «e.sehe. S4 SONS cihjepehe all > noite d EO SOO S| cnn cxee sped ee eeteaetn re 
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Taste 15.—Precipitation and evaporation data for the year and for the three summer months» 
June to August.—Continued. 


r s |34s gs [°! |ee3 88 
Bee fox ene ee Bo | 88 |fesen 
a) as ° 8 es 3 ea 
aa ies pe ee ae es 
aa £2 | gsSci@ | 9s] a8 ($28.8 
Station. 23 aie ABE = Se aes wees : 
Bae) See ae eee (iia et ae ee 
3 | a3 | 988 8 | 82] aay loss esck 
Pea $5 | gaa a | Bea | $28 |\Ssgs ae 
Z = ae Z = en 
North Carolina: inches. | inches. inches. | inches. 
Asheville.......... AQUBG: tscicen ee eee etre 14, 00UO once b.. “apaeeeee 
Charlotte: cece: 49.20 49.0 1.00 15.50 13.8 itp WR? 
Hatteras.4 senate 60.85 31.3 1.94 16.30 10.4 1.567 
Raleigh snc: uecsetee 49.60 | 37.0 1.34 16.73 12.8 1.307 
Wilmington........ 51.05 38.4 1.33 19.10 Ela, 1.632 
North Dakota: 
Bismarckssn.e 17264.) OL LO) 0.57 7.66 13.9 0.550 
Devils Lake........ 
(Fort Totten)...... OU | ti ie Eg a Bae 
IWalliston werouns reir: 
(Fort Buford)...... 15.07 ORs ae ot ate are 
Ohio: 
Cincinnaticee sees By Se 52.0 0.72 10.85 19.5 0.556 
Gleveland==. =e 35.04 | 35.7 0.98 10.38 | 14.5 0.716 
Columbusee-...s0- 36.92 | 47.8 0.77 10.36 | 19.1 0.543 
Toledo aha 30.62 | 38.6 0.79 9.32 | 17.0 0.548 
Oklahoma: 
Fort Sill (S41)..... 30.85 46.1 0.67 9.83 mrs 0.589 
Oklahomay......-- CHIC veseeeell | Geos O SOM eee cL eee 
Oregon: 
Astorian(Slv) seein 752301) 2523 2.98 5.62 8.6 0.653 
Baker Citys. .a00. GEV Ce oee es Lt “oops 2 EOS! lh oe ny | ee 
Portlande.e ane 45.13 | 34.7 1.30 20s tel oeS 0.232 
ROsebuUre yee. eee 34.43 39.2 0.88 172 13.6 0.127 
Pennsylvania: 
Erie seiste ar oroninors 38.55 | 33.8 1.14 10.22 | 14.9 0.686 
LEME Nee cogdeneal sexeMxE | mocecs |)  acancc AT OCs Vlora oes crate 
Philadelphia. ...... all alee |p 24s (0) 0.91 12.24 |) 16.6 0.738 
Pittsburgh.........| 386.35 44.5 0.82 11.49 17.6 0.653 
Scranton eee SOD tester 2 | ee Menetecensts LE. OB scence |) eee a 
Rhode Island: 
Block Island....... 44.36 | 24.0 1.85 9.66 8.2 1.178 
Providence........ PREG Ban ow ale | Abe d.o LORS 2 itive. tts | ee per ene 
South Carolina: 
Charleston.........| 52.07 43.7 1.19 19.52 Sane 1.425 
Columbia..<.......| 46.08 43.2 1.07 17.02 13.4 1.268 
South Dakota: 
Euromoney: 21.10 33.0 0.64 9.36 14.0 0.668 
Pierre ee eee 0 wed 
(Fort Sully) ....... 16.63 41.9 0.4 44 17.8 0.418 
Rapid City arses Moa Wis G we Sodas 8 8225) |Feeeiec le | ae 
pYanktonue serves 25.43 31.0 0.82 10.91 ibe ve 0.859 
Tennessee: 
Chattanooga....... 50.68 46.4 1.09 11.93 13.6 0.877 
ENTlOxil les ee eee 49.35 45.9 1.08 12.38 14.1 0.879 
Memphisaente eer 50.34 50.0 1.01 11.08 15.1 0.734 
INashvillanesaneatien 48.49 50.1 0.97 12.19 16.9 0.722 
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TABLE 15.—Precipitation and evaporation data for the year and for the three swmmer months, 
June to August.—Continued. 


Station. 


PATNA TINO MARE Fetes 
(Fort Eliot) ....... 
Corpus Christi..... 
BP asOe ahcecs cays so 
Brownsville (Sl)... 
Fort Davis (S2).... 
Fort Ringgold (S}). 
(Rio Grande City) . 
Fort. Worthe«. 2.5 


Salt Lake City..... 
Vermont: 

Burling pons 9. se - 

Northfield 3... 52s. < 
Virginia: 

iymehburg fc sacs ot 

NVOLEO  Keameeenet ers 


Wytheville......... 


Washington: 
North Head........ 
(Fort Canby) ..... 
Olympia (S19)..... 
Port Angeles....... 
SGattle nn Asatte ame k 


LACONIA Epa -eieies aiee 


(ET kata hetero ae eer ores 
Parkersburg es 2 si. 
Wisconsin: 
Greeny Bays a.cexs «itt 
MaCrosse..- eon ee 
IME GISON See oe eer 


Wyoming: 
@heyennes... 76 47 
Evanston (H)...... 
(Fort Bridger)..... 
Mander .f) 1a ts saan 


precipitation (Pg). 


evaporation for 
year 1887-88 (Ea). 


Total 


Ratio of normal annual 


: 


Pa 
Ea 
Normal total precipita- 


nual evaporation for 
1887-88 ( 


precipitation to an- 


3 summer 


tion for 
months (Ps). 


summer months, 1887- 


Total evaporation for 3 
88 (E35). 


Cac. omer 


Ratio of normal pre- 


cipitation for 3 sum- 


mer months, 1887-88 
Ps 
Es 


mer months to total 


evaporation for sum- 


eer eee 
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Column 6 of table 15 presents the sums of Russell’s three monthly 
losses, for each station considered, for June 1888 and July and August 
1887, these numbers representing inches of depth. To obtain the 
average monthly rate, each number is to be divided by 3; to obtain 
the weekly rate each is to be divided by 13, etc.; but since any such 
alteration in the time increment considered would result in applying 
the same coefficient to the entire series of indices, and since relative 
indices for the different stations are all that are here requisite, we 
employ the totals simply. These are charted in plate 55, where isoat- 
mic lines are represented for increments of 5 inches, those for the 
values 10, 15, and 30 being distinct. This chart exhibits about the 
same features as does that based upon the length of the mean frostless 
season as the duration factor. 


(3) EvAPoRATION Strupizes oF 1908. 


Presentation of data.—As has been stated, a series of evaporation 
observations were carried out from the Desert Laboratory in the sum- 
mer of 1908, the cylindrical porous-cup atmometer being employed. 
This is the first and only fairly representative series of direct measure- 
ments of this climatic feature that has been carried out for the United 
States, and we shall here enter into considerable detail in the discussion 
of our results. 

As has been mentioned, certain aspects of this evaporation study 
formed the subject of a paper by Livingston.’ The following pre- 
sentation will proceed without attempting to distinguish between 
what is now published for the first time and what is here repeated from 
Livingston’s paper. Since that paper was published the data have 
been thoroughly revised, which accounts for some numerical dis- 
crepancies between our tables and those of Livingston. 

Two standardized porous cups were sent to each of 38 stations in 
the United States and Canada, in the spring of 1908, and were there 
operated side by side in the open till midsummer, when one of them 
was returned to the Desert Laboratory and restandardized. The 
restandarized cups were then sent back to their respective stations and 
again installed, and the two then continued to operate till the work 
was discontinued. In the fall both cups were returned and restan- 
dardized. Thus coefficients of correction were determined for the 
beginning, middle, and end of the season’s operation, and the amount 
of variation in these coefficients was determined without interrupting 
the series of observations. All standardizations were made with refer- 
ence to standard cups, the same standard being employed as is still 
in use for cylindrical cups supplied by the Plant World. Thus the 
corrected readings here given are directly comparable to corrected 


1 Livingston, B. E., A study of the relation between summer evaporation intensity and centers 
of plant distribution in the United States, Plant World 14: 205-222, 1911. 
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readings from all cups related to the Livingston cylindrical standard, 
wherever and whenever they may have been operated. 

The cups were freely exposed to sunshine and wind in every case. 
The center of the cup was 15 em. above the soil surface, so that our 
records may be considered as proportional to the evaporating powers 
of the air (as this feature would affect the transpirational water-loss 
from a plant of about the above-named height, growing in the open) 
at the respective stations and for the respective time periods. The 
mountings were of the simple absorbing type! and some rain absorp- 
tion is undoubtedly involved in the records. At that time the non- 
absorbing form had not yet been devised. Weekly readings were made. 

When the coefficient of correction of any cup altered, as shown by 
the mid-summer or final calibrations, interpolations were made to 
give probable coefficients for each of the weeks intervening between 
calibrations, it being borne in mind that, where two cups operate side 
by side, their weekly readings constitute a continuous series of measure- 
ments of the relative fluctuations of their coefficients. After the 
derivation of the coefficients for each week of the entire series of 
observations, all readings were corrected (by multiplying the actual 
reading by the corresponding coefficient), and the resulting pair of 
records (when two cups had operated simultaneously at the same 
place—that is, excepting for the period of mid-summer calibration, 
when but one cup was exposed) were averaged, to give the corrected 
rate for each week and station. 

To the observers at the 38 stations involved in this study our sincere 
thanks are due; without their kind and sustained help the study could 
not have been carried out at all. The names of the observers who so 
generously cooperated in this work have been given by Livingston 
(Plant World, 1911). 

Owing to various considerations, observations were not begun at 
the same time at all stations, and were not discontinued simultaneously. 
Also, accidents and interruptions of various sorts occurred, so that the 
final records are of unequal completeness in several respects. Such 
as they are, they are presented in table 16. 

The observations will be considered in five 5-week periods and a 
final 3-week period, and each of these periods constitutes a sub- 
division of table 16, which gives the weekly evaporation data and also 
the corresponding weekly records of precipitation whenever the latter 
are available. The units employed for evaporation are cubic centi- 
meters (of water lost by the standard cylindrical porous-cup atmom- 
eter), and precipitation is given in inches of depth in the customary way. 


1 The mounting as actually used is described and figured in the following papers: Livingston, 
1907, a.—Idem, A simple atmometer, Science, n. s., 28: 319-330, 1908. The non-absorbing 
mounting was first described by Livingston (Livingston, B. E., A rain-correcting atmometer for 
ecological instrumentation, Plant World 13: 79-82, 1910). It was improved by Shive (Shive, 
J. W., An improved non-absorbing porous cup atmometer, Plant World, 18: 7-10, 1915). See 


also Livingston, 1915, a. 
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TasLe 16.—Weekly precipitation (P) and weekly rates of evaporation (E), the latter from 
cylindrical porous-cup atmometers, summer of 1908. 


First 5-WErEkK Periop (Apr. 21 To May 25). 


Apr. 21 Apr. 28 May 5 May 12 May 19 Average! 
: to 27. to May 4. tool: to 18. to 25. 
Station. 
2 E [2 E je E P E P E 1& E 
in. CC an. GC, am. Ce; Ti WeGse. ait. Esc: in. 6.03 
FATIZ ONG He LUGS OT we Site aS aes, Ga cee cis Ce aI a meee Lee trees | Jeno 0.11] 390 | 0.11} 390 (1) 
Florida: 
Gainesville a crestecra ces Peete eee eee eee 0.70 251 | 0.57] 269 | 0.17} 284 | 0.48} 268 (8) 
Miamisnicis. piece eee 0.35} 184 |10.82 | 133 |10.82 133.) O222)7 232. 1-02.62) 22210 
HlinoissC harleston? swccc cote |) terete ate) see ake ee | eet ae lea ee 0.81} 149 } 0. 
ouisiana:s Cameron: wee gece eee ee | eee eee cae | eoee a| eee eee eee Reh ecgtees 0.28] 245 | O. 
Maryland:sWaston: ante nae eee 1.46 | 166 | 1.44 6 | 0.13) <158. |" O236) “S350: 
MichiganeeGrand: Rapidsisyr)|\cat ceil ea ieee ae aga ae ee 0.39] 156 | 0.: 
Missouri: St. Louis........ 1.75) 104 | 0.54 91 | 3.50 ZL |} 0295) 1347) 1255p Ish oy 2: 
Nebraska: 
ECOL Re th eae earache otas geye rouse neue ell ayer etl CE ee | Late mee eae ae Seat e 2 AT), 48°42 
North Pla ttes. fe ses cas aye! Aerssecn cht oease mre | tee ll eee rel Sea ers ke 0.64} 245 | O. 
New Brunswick: Fredericton: |e en |eeeeioene | nema ieee Geen 0.37| 137 | 0-0-| 160_f G: 
North Carolina: 
West Raleigh.......... 0.50) 189 | 0.73 | 215 | 0.21 208 | 0.19] 242 | 1.40] 156 } O. 
NortheDaketass Dickinson al eee | ries ene te amen | eet et en 1 (46) 107 | 1-98} 93) [at 
Oboe Oxford 8s epee ie eget trt ale eee el eer oe Lae nea as ed ore AT ANE i3S. OS easel eOe 
Oklahoma: Stillwater......].....]..... 1.51 | 168 | 0.12 | 168 1286) (95 | S231 945) 52. 
Oregon shag ene nape er ers Ora eet ene AIC |e el ee 0.38} 42 | 0.80] 63 | O. 
Fennesnee za Knoxvillemey ys sey lieu mae oe eae lieved eens alagw aii mseaee 0202), £32 | £29) o72) 150 
PL OX ASS LI ALNALE re) atic hac etter se ves | hee | acme es eee lie amet rear ce ee O°5 217522 107 


1 Calculated from 2-week total. 
? Precipitation data from monthly weather reports. 


3 Precipitation data are for Jacksonburg. 
4 T means trace, less than 0.01 inch. 
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TABLE 16.—Weekly precipitation (P) and weekly rates of evaporation (EH), the latter from 
cylindrical porous-cup atmometers, summer of 1908.—Continued. 


Srconp 5-Week Prrtop (May 26 To June 29). 


May 26 June 2 June 9 June 16 June 23 


Sention: to June 1. to 8. to 15. to 22. to 29. Average. 
P E P E Te E IP E 1p E P. E 
in C.c in C.c in C.c in C.c in. | cc in C.c. 
Arizona: MUUICSOM Ses Snr tee: 0.00} 407 | 0.00 | 427 | 0.00 541 | 0.00] 548 | 17 | 635 | 0.00] 511 
MemOCuia oan [iOgQrs ce climes mall yee cticcccoaclas bcolicceessles clu. 0.00} 194 | 0.00} 201 | 0.00} 198 (2) 
PN Grade EOWer esr, elem icles caccl eetcael sete. 0.25 141 | 0.00} 281 | 0.02] 252 | 0.09] 225 (8) 
Florida: 
MEAINESVIG*s ., <5 te scree « SUL Sa e || OFT EP ORES || Shite 2.95] 120 | 2.36] 170 | 1.86] 201 (4) 
IMETATI rer, char ook che cols 4.44) 165 | 3.30 | 144 | 1.21 137 | 4.02) 109 | 3.18) 124 | 3.23) 136 
‘Tlinois: 
Mharlestontd....<sta.. 2 0.07) 176 | 1.41 | 201 | 0-37 153 | 0.62} 208 | 1.02} 205 | 0.70} 189 
ir DaNgewepern te oe oc eal eel ce ccs 0.09 | 145 | 0.46 14 | 1252)" 88) 47" | 1047)". 52/ 113 (4) 
Louisiana: Cameron?....... 0.00} 283 | 0.19 | 265 | 4.46 195 | 0.26) 256 | 0.25] 170 | 1.03] 234 
Maine: ron ak ee 2.30} 48 | 0.70 | 139 a7. 1237)0.53)) 165°) OC 1202. . 0.88} 120 (4) 
| Maryland: Easton?........ iool tse | Oss) 121 | O53 178 | 0.59) 156 | 0.12} 203 | 0.58) 158 
Michigan: 
j Grand Rapids..........} 0.84} 104 | 0.00 | 227 | 0.61 121 | 0.08] 144 | 0.19] 168 | 0.34) 153 
SORT Layee sol le ied URE Dia Eee le el aa 1.51] 198 | 0.31] 146 | 0.91] 172 (2) 
Minnesota: Minneapolis....|.....]..... 0.86 (2 ASOD 98 | 1.35) 81 | 2.19) 122 | 1.58] 93 (4) 
Missouri: Stouts)... ks 1.29) 119 | 1.02 99 | 0.68 148 | 0.63) 192 | 0.15) 201 | 0.75] 152 
| Montana: Bozeman’.... 4.45) 16 | 2.71 14 | 0.15 64 | 1.49) 10] 0.06) 93 ]1.77| 39 
Nebraska: 
PAMCOMTM sae Sue c's anos oars 1.38) 50 | 6.09 36 | 2.92 Sil eeaieLOo | (O29 Leb" |) 2220) 2:73 
Nort Platte?.. oi... +. 0.22) 148°} 0.730") 153° || 2.27 86 | 2.32] 95 | 0.09} 108 | 1.04; 118 
Pe CLM EUCTIOiaprcte cyessic tile arate o avedareis.0. als Oat lee. ORO Tae Se are a Mee ed ot (OFRC8 10) Lae oat le RAI 
New Brunswick: Fredericton] 2.37} 21 | 0.70 | 106 | 0.14 121 | 1.43] 91 | 0.14] 132 | 0.96} 94 
New York: 
Ist Peaye NOS ge 5 pees co Ae (aaa ee Pret 0.00 | 167 | 0.00 136 | 0.80) 93 | 0.20] 132 | 0.25) 182 (4) 
PVE ACUCO rma Eier en raat lta toni. Liane soll ate arencwelliviag g-otirl's el ale Sielismae suas | hisses cal] euahavaca 0.67} 320 | 0.67) 320 (1) 
North Carolina: 
4 Areal Eh Orest) wma ie cae ae Le alee cies 1.23 40 | 1.25 52 | 0.39] 76 | 0.63} 99 | 0.88] 67 (4) 
Wiestultaleigh ¢.-5../0 66. 0.23) 242 | 0.76 | 192.| 1.45 190 | 2.30} 175 | 1.69) 183 | 1.29] 196 
North Dakota: Dickinson?..| 0.74} 179 | 1.88 | 187 | 0.10 805 | 0.58] 243 | 0.95) 427 | 0.85} 268 
DMO OXLOLG 2. sepa. < ston a4 OR 0.04] 116 | 0.04 | 134 | 0.47 123 | 1.22] 155 | 0.82] 216 | 0.52} 149 
Oklahoma: Stillwater...... O.07)- 72+) 3255 48 | 2.07 53 | 0.29] 205 | 0.59} 167 | 1.32} 109 
Oregon: Eugene........... 0.08} 112 | 0.12 96 | 0.00 77 | 1.40) 77 | 0.46) 114 | 0.41) 95 
Quebec: 
Ste. Anne de Bellevue. .| 0.84]..... OROGM ee. OOO) S micas 0.58) 161 | 0.14] 181 | 0.36) 171 (2) 
ACHE WATER ELINA Me tas eral aes retetersccllisee oils seteoe ee|leva.e 2) asl[letaie are 1O7-4| Hose DO ial aerate 155 (2) 
| Tennessee: Knoxville...... 0.03} 117 | 1.24 71 | 0.62 OOS Oe LO era eral Os Ou ener. 0.63) 93 (3) 
Sexes: Dalhart. ... 2... 0.00} 550 | 0.51 | 483 | 0.00 581 | 2.06) 656 | 0.00} 556 | 0.51} 565 
Utah: Salt Lake City...... ye Docs | eee ve 0.74 74 | 0.08 89 | 0.87) 55 | 0.10} 70 | 0.45) 72 (4) 
Vermont: Burlington...... 0.77} 129 | 0.08 | 198 | 1.09 150 | 1.12] 147 | 0.07] 160 | 0.63} 157 
SVT SHIT S COMM SEA LELO strat olawssliciem icles o|')elastelier «rales sie dlir a6 aur 0.02} 134 | 0.01] 177 | 0.02) 156 (2) 


1 Calculated from 2-week total. 

2 Precipitation data from monthly weather reports. 
3 Precipitation data are for Jacksonburg. 

4 T means trace, less than 0.01 inch. 

5 Precipitation data are for Sapphire. 
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Taste 16.—Weekly precipitation (P) and weekly rates of evaporation (E), the latter from 
cylindrical porous-cyp atmometers, summer of 1 908 .—Continued. 


es SS al 


Tuirp 5-weeK Psriop (JuNE 30 To Ava. 3). 
eS ea 


June 30 July 7 July 14 July 21 July 28 
. to July 6. to 13. to 20. to 27. to Aug. 3. Averegs 
Station. ee ee, | emi he = 

ik E P E 12 E Pp E Je E fe E 

Oe ||| teeter m Ces in Cc€. in Gc OT Vee.C in €.C., 
Alabama: Florence?........ 1.24) 100 |} 0.13 | 142 | 1.29 144 | 1.05} 116 | 0.40] 110 | 0.82} 122 
ATIZOnA:? DUCSON.. 22.6. <5 47 | 554 | 0.04 | 460 | 4.41 206 | 2.88] 271 | 0.42} 298 | 1.55} 358 
California: San Diego..... . 0.00} 207 | 0.00 | 264 | 0.00 249 | 0.00} 208 | 0.13] 177 | 0.03} 221 
Colorado: Boulder......... 0.59} 180 | 0.04 | 225 | 0.16 148 | 47 | 195 | 1.28} 153 | 0.41} 180 
Florida: 

Gainesville?............ OL67E1L634) Wa7S8) |) AGL E2276 1007) O204ig.ceolia aces |eerene 1.74| 141 (8) 

WON ot Gaeecme Sicaaie cece caer Te S6l ela Or62 je ta2e Oeco 184 | 1.23] 125 | 0.63] 109 | 0.92) 144 
Illinois: 

Gharleston: ean eee 0.66] 125 | 0.08 | 162 | 2.20 153 | 0.00} 153 | 0.00] 196 | 0.59] 158 
Urbanaeeacs meson se oe 1.27| 89 | 0.42 | 122 | 1.04 124 | 0.59} 72 | 0.00} 143 | 0.66} 110 
MOWas LOW. Clty ts cco ctete feee cere tee oreree sl ates toca eee ae SII! 118 | 0.28] 155 | 0.00] 222 | 1.26] 165 (3) 
Louisiana: Cameron?....... 3.52| 123 | 3.80 99 | 0.67 O78 ot Ore lieeree A620 ee 2.66| 167 (3) 
Maine; Orono*.. 0s ek 0.70} 121 | 0.00 | 178 | 0.90 117 | 0.86] 91 | 0.39) 122 | 0.57| 126 
Manitoba: Winnipeg.......]..... LSO0\ eros 200 dene: poe a ee L2G ates ee 1SO0o cee 156 
Maryland: Easton?........ 0.04} 281 | 0.12 | 301 | 0.34 308 | 4.27} 122 | 0.00! 135 | 0.95} 229 

Michigan: 

Grand Rapids..........} 0.75) 103 | 0.13 | 243 | 0.58 136 | 0.00} 140 | 1.71| 182 | 0.63) 161 

iHoughtonmeeerc ieee 0.92} 92 | 0.06 | 188 | 1.00 86 | 0.02} 147 | 1.73] 120 | 0.75) 127 

Sti Helen’. eo S, 1.22] 107 | 0.52 |..... Wak Pees, 0.00 0.00] 296 | 0.61} 202 (2) 
Minnesota: Minneapolis....| 0.91} 96 | 0.13 | 119 | 1.77 149 | 47 | 151 | 0.35} 204 | 0.63) 144 
Missouri: St. Louis........ LeZOle1467 | 3h G7 O41 125 | 1.36} 126 | 0.00] 206 | 0.96) 154 
Montana: Bozeman?....... 0.12} 84 |} 0.04 | 148 | 0.02 144 | 0.25) 199 | 0.00} 234 | 0.09] 162 
Nebraska: 

Mincol ates wets ose Ses tl elo ao OA: ita OBO Letecmrats OLS ie aoe 0242) eee 3.81} 29 (1) 
INorthPlatteme. oe se - 1.30) 64 | 0.69 | 125 | 0.22 116 | 0.96} 119 | 0.00} 212 | 0.63} 127 
WevadarRenolageerian nal cacmellne oe 0.04 | 536 ah 499 | 0.01) 484 | 0.08} 379 | 0.03] 475 (4) 

New Brunswick: Fredericton] 0.20] 129 | 0.19 | 161 | 1.27 98 | 0.70] 76 | 0.06} 128 | 0.48} 118 
| New York: 

IN ew N OTK icmutel ee tee 0.05} 105 ce 161 | 0.85 17S. 2eoOlae wes 02 00) 0.30] 148 (8) 

DYTACUSe Haan me eee es ORST Ss Ole Om eee 1.41 270 | 1.08] 225 | 47 | 383 | 0.70} 305 (4) 
North Carolina: 

Pisgah) Porests a. es - ATG Oe Eh lOnat 67 | 0.70 104 | 0.78} 68 | 0.27; 81 | 1.42) 70 

West-Raleighas a. ccs eee 0.70} 140 | 0.43 | 198 | 0.76 216 | 0.74) 190 | 3.52] 74 | 1.23] 164 
North Dakota: Dickinson. .} 0.11] 289 | 0.39 | 393 | 0.69 320 | 0.33) 309 | 0.00} 285 | 0.30) 319 
Ohios*#Oxfords (ou eae 1.86] 132 | 0.00 | 207 | 0.87 201 | 0.72} 153 | 0.00] 249 | 0.69) 188 
Oklahoma: Stillwater...... 1762) 167 1) 1522>) 18971004 256 | 0.30} 140 | 0.01] 201 | 0.62} 191 
sae Eugene...........} 0.00] 62 | 0.00 | 234 | 0.00 262 | 0.00} 236 | 0.00) 300 | 0.00} 219 

uebec: 

Ste. Annede Bellevue....} 0.22} 147 | 0.00 | 150 | 0.88 82 | 0.26] 51 | 0.30) 67 | 0.33} “99 
Saskatchewan: Regina.....|..... Li Silane D349 are TOS ae TTS tees ISON Races 164 
Tennessee: Knoxville...... Deion Oc 20 seen ee OSG7 aes: 0.84] 126 | 0.46] 130 | 0.65] 128 (2) 
MexaseDalharteen son ansen 1.64} 390 | 0.00 | 470 | 1.17 329)| 0.03) 4271 Obl eee 0.71} 404 (4) 
Utah: Salt Lake City...... aT SL a OL 0On Sas mOROe 189 | 0.01) 226 | 0.22] 175 | 0.05] 170 
Vermont: Burlington...... 0.11) 169 | 0.14 | 349 | 1.58 156 | 0.72} 122 | 0.21] 184 | 0.55} 196 
Washington: Seattle....... 0.09) 190 a7 200 | 0.10 128 0.05) 174 | 0.00] 142 | 0.05] 167 


® Precipitation data from monthly weather reports. 

4 T means trace, less than 0.01 inch. 

6 Precipitation data are for Boscommon. 

7 Much interpolation on account of infrequent readings. 
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TABLE 16.—Weekly precipitation (P) and weekly rates of evaporation (E), the latter from 
cylindrical porous-cup atmometers, summer of 1908.—Continued. 


a eee 


Fourts 5-weerk Preriop (Ava. 4 To Supt. 7). 
eee ee eee a Rt lee 


Aug. 4 Aug. 11 Aug. 18 Aug. 25 Sept. 1 ie 
Glation: to 10. 40 17. to 24. toad. to 7. VOrBE Cs 
P E ip E ie E P E 12 E P E 
in. | c.c. in C.c in C.c in c.c. | in C.c in. C.c 
Alabama: Florence?........] 0.85] 34 | 0.11 | 132 | 0.59 75 | 0.00} 1389 | 1.32} 184 | 0.57] 113 
Arizona: Tucson.......... 0.08] 252 | 1.76 |-230 |} 1.67 232 | 1.67} 229 | 0.41] 302 | 1.12] 249 
California: San Diego......| 0.55] 179 | 0.00 | 204 | 0.00 230 | 0.00} 235 | 0.07) 157 | 0.12) 201 
Colorado: Boulder?........ 0.43) 165 | 0.85 94 | 2.02 104 | 0.00] 205 | 0.00} 235 | 0.66] 161 
mlomda: Miami:.......... 2.60} 96] 1.81 83 | 0.43 73 | 1.81] 72 | 0.04) 184 | 1.34] 92 
Illinois: 
Gnarleston? hc. ess ces OSLO 230 POE O9 teeta. lites clits ee tae lnicterets mer nc «|| ences oles, 0.39} 229 (2) 
OSD A ar ieeiicic ers caa-ne SoU aea Sh ele O5: tees SA Ee at ah OR LO ee OCABT S eies 0.00} 148 (1) 
Towa: Iowa City*.......... 0.03} 178 | 5.09 61 | 0.02 153 | 2.33} 133 | 0.28] 170 | 1.55) 139 
Louisiana: Cameron?....... 105s a. 220 jolos | 1.38 75 | 47 | 123 | 1.30) 130 | 1.49} 116 (4) 
Maine: Orono?’,........... 2s Gk [2.39 83 | 0.18 122 | 0.00} 97 | 0.04) 73 | 0.95) 87 
PMALEO OS AV INN IDC Pa cersee | on coe Ol mete. amet. si see cats! emerges orl lsee, ee Ih still coon. gua Sen coeee [ae che 130 (1) 
Maryland: Easton?........ 2: O91n9b 10.62) lator |eleo6 113 | 2.93} 59 | 1.60} 112 | 1.84] 107 
Michigan: ; 
GrandsRapids. se... ...-)| O.13/"136 | 3.62 68 | 0.09 120 | 0.14} 154 | 0.00} 160 | 0.80) 128 
TOUGH COM cc orasrc ost s ses 0.16} 164 | 0.12 99 | 0.34 212 | 0.01} 128 | 0.37} 212 | 0.20} 163 
GR ETOLOM 26 Sisrac ores a «0 0.88} 249 | 1.13 | 180 | 0.00 3 0 00) 0.05} 191 | 0.52) 234 (4) 
Minnesota: Minneapolis....| 0.53} 127 | 0.24 | 100 | 0.01 159 | 0.14) 177 | 0.25) 231 | 0.23) 159 
Missouri: St. Louis........ PeOLI25 10215 0176) (00-36 177 | 0.03} 191 | 0.00; 212 | 0.31] 176 
Montana: Bozeman........ 47T | 190 | 0.49 |} 105 | 0.24 144 | 0.36) 124 | ‘7 | 188 | 0.22) 150 
Nebraska: 

WAT COUN sy 1c.6 5 Gis %0io'eeicio.s O02 20 eae 1.01 | 108 | 0.52 95 | 0.98) 138 | 0.24) 193 | 0.69} 134 (4) 
INortibh Plattemdsc.<s «oar 0.56] 192 | 0.27 | 130 | 0.46 98 | 0.28] 140 | 0.00) 295 | 0.31) 171 
Wevada> Reno’.........-- 0.00) 379 | 0.12 | 367 mad BOL NBO ZOO|E eer OFL0 | ewnr 0.04) 371 (3) 
New Brunswick: Fredericton! 1.50} 69 | 1.35 50 | 0.76 66 | 0.00} 73 | 0.40} 37 | 0.80} 59 

New York: 
PN Wig VOL ICN. laiene thaw ees: 0.63) 62 | 0.35 85 | 2.28 106 | 3.63] 41 | 0.06} 62) 1.39) 71 
SV TACISC cite ler crotzis-s a se's 0.32] 346 | 0.23 | 299 | 0.11 371 | 0.00} 319 | 0.13} 406 | 0.16} 348 
North Carolina: 

Pisgah) Forests. ...2-... 3.11] 42 | 3.05 79 | 7.15 TAR 24 aS |e s20)l eae 3.64} 43 (4) 
West Raleigh: ..s< e065 1.16] 109 | 0.21 | 120 | 3.09 50 | 9.17) 14 | 3.07) 76 |} 3.34]. 74 
North Dakota: Dickinson’. .} 0.00]..... 0.53 | 181 | 0.54 297 | 0.34] 243 | 0.00} 312 | 0.35] 258 (4) 
Whine (OxtOrd : sae cae. e ess 0.62) 167 | 0.47 | 190 | 0.00 238 | 0.00) 248 | 47 | 233 | 0.22) 215 
Oklahoma: Stillwater...... Oo24 227 Nt OF W224 27 115 | 0.14) 168 | 3.91] 85 | 1.33} 163 
Oregon: Eugene...........| 0.00} 305 | 0.00 | 170 | 0.00 174 | 0.00} 110 | 0.00) 134 | 0.00) 179 

uebec: 
© Ste. Anne de Bellevue...| 0.82) 43 | 0.10 60 | 0.77 47 | 0.02) 77 | 0.00) 96 | 0.34) 65 
Saskatchewan: Regina.....|..... LOS eee DG leone Coulter a ZS | saute te 96 |e as 76 
Tennessee: Knoxville...... TAS ebb) O01 129) |p 2038 ae. (OPI Y Peres Le SAlaewes 0.73] 92 (2) 
evade Dalharti. ss cee os. 0.00] 504 | 0.28 | 461 | 0.70 353 | 0.10) 435 | 0.15] 447 | 0.25) 440 
Utah: Salt Lake City...... 0.72| 178 | 0.62 | 168 | 0.01 181 | 0.04! 195 | 0.00) 170 | 0.28) 178 
Vermont: Burlington...... 0.38} 114 | 0.79 | 120 | 0.53 179 | 0.00} 171 | 0.50) 214 | 0.44) 160 
Washington: Seattle....... 0.00] 160 | 0.03 | 112 | 0.03 92 | 0.76) 51] 0.01} 67) 0.17) 96 


2 Precipitation data from monthly weather reports. 
4 T means trace, less than 0 01 inch. 
6 Precipitation data are for Roscommon. 
Much interpolation on account of infrequent readings. 
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TaBLe 16.—Weekly precipitation (P) and weekly rates of evaporation (E), the latter from 
cylindrical porous-cup atmometers, summer of 1 908,—Continued. 


Firra 5-week Periop (Serr. 8 to Oct. 12). 


Sept. 8 Sept. 15 
Station. to 14. to Zi: 

jz E iP. E 

in. Cx: in. (oo 
Alabama: Florence?........ 0.00} 119 | 0.10 91 
IATIZONS qe CSOM erate eet O19 22.76 Uae ete elie oes 
California: San Diego......| 0.00} 214 | 0.00 | 164 
Colorado: Boulder?........ 0.02) 247 | 0.00 | 300 
HioridasMiaamie ace cee = 0.10) 140 | 6.68 82 
iimoist Urbanawas seace cr OZ00| 5 eee 0.00 | 1382 
Iowa: Iowa City?..........] 0.00} 149 | 0.00 | 145 
Louisiana: Cameron?....... TOI oie | ltced oan |e e 
Maine: Orono2des.. dees ees ESET IS wrk Ne alah: 
Manitoba: Wannipeg a. sacle ase AORN | ern oe 139 
Maryland: Easton?........ 0.02} 98 | 0.05 | 106 
Michigan: 

Grande Rapids errs 0.00) 154 | 0.03 | 126 

ELOUsH tons eee ee eee 0.04] 172 | 0.15 85 

‘St. Helen fy. sense 0.00} 297 | 0.00 } 237 
Minnesota: Minneapolis....| 3.23) 174 
Missouri: St. Louis........ 0.00} 171 | 0.06 | 149 
Montana: Bozeman....... 0.05} 147 | 0.38 | 131 
Nebraska: 

Tincoln seer eee ee eee 0.00] 185 | #7 | 189 

North” Platter as cee ee 4T } 206 | 0.00 | 209 
INevadacwRenOms ass. a eceke O05 |e On28 eau 
New Brunswick: Fredericton| 0.13} 63 | 0.00 84 
New York: 

INewhVOrk.s onde seer 0.00) 80 | 0.00 | 101 

SV LACUS arn ey nee ate seer 0.00] 811 |} *7 |.294 
North Carolina: 

iszah) Horeste eee lie DA > Se sede all octet 

West Raleight-oc: es 0.00; 76 | 0.00 | 108 
North Dakota: Dickinson?.| 0.02} 273 | 0.77 | 269 
@hioz. Oxford: eee 0.00) 233 | 0.00 | 185 
Oklahoma: Stillwater...... 0.00) 95 | 0.80 74 
Oregon's Hugene. aoe ee 0.00} 1388 | 0.00 | 112 
Quebec: 

Ste. Anne de Bellevue. ..| 0.00} 108 | 0.02 |..... 
Saskatchewan: Regina.....|..... LOLS eee. 49 
Tennessee: Knoxville...... 0.00} 94 | 0.00 97 
iRexasi Dalharter.ceecen.s 0.00} 588 | 0.19 | 426 
Utah: Salt Lake City...... 0.87] 107 | 0.06 | 141 
Vermont: Burlington...... 0.00} 186 | 0.01 | 172 
Washington: Seattle....... 0.18] 89 | +7 55 


Last 3 Weeks (Oct. 13 To Noy. 2). 


Oct. 13 
Station. 

IP 

in. 
Califormia sy cane) econ nearer 0.51 
lorida = Wii amaiaaaeticn cele cee ner e 4.28 

lin ors Urbans ascte tee ee ee SUT 
WGA VOL! TBH A ono Gar baauacnocouwes 0.00 
fennessees Knox valle ge ery ace anes 0.00 
Wiashing ton Seattleuen > ae neees eeeeeeae 0.96 


? Precipitation data from monthly weather reports. ° Precipitation data are for Roscommon. 
™ Much interpolation on account of infrequent readings. 


4 T means trace, less than 0.01 inch. 


Sept. 22 Sept. 29 Oct. 6 Average. 
to 28. to Oct. 5. to 12 
Jig E P. E je E i. E 
in. C03 ini \\ C:05" ame ce. | Mm. C.€2 
FE RR ES RT SOE [raced I ei ete 0.05) 105 (2) 
as ee ellos Sahstetcs ieee eae Tee eon ae celeron 0.19) 276 (1) 
0.22 167 | 0.00} 252 | 0.00] 218 | 0.04/ 203 
1753 258 | 0.14] 109 | 0.00} 165 | 0.34] 216 
Binele 104 | 9.00] 35 |10.52) 61 | 5.93) 84 
133 116 | 0.14} 114 | #7 | 109 | 0.37] 118 4) 
ieDe, (Op uP Wroners tl Ie AEs (oy 2 Ot 0.51) 129 (3) 
0.47 SS NOSOOl Soi | aces ateciaeer 0.74! 105 (3) 
Ek PTS eee RO Ne a eierodece chakra 0.00} 124 (3) 
ra eee 62 96 85), Behe ooo are ee eee eae 
0.08 63. | 0.82)" 120. | 2.2") 102 "0-0 Taos 
0.72 TORb oer casclhc cokeeetsx Cael eee 0.25) 119 (3) 
1.87 DOM ee. SAls cones sy aera See 0.69} 111 (8) 
0.47 240) | O00) 170) tl a. eee 0.12} 236 (4) 
SG) tener Buen) ests 3.23) 174 (1) 
PS TS le eet erecta lope neuer mince obec ee 0.03} 160 (2) 
Re Se eee cron oe ere bu eee 0.22) 139 (2) 
OroL T2O YRS er nes ets eee eee 0.17} 165 (3) 
Bee AN ERs Shots Sic caters este oie eee el eS 0.00} 208 (2) 
OPOGH Sates cle ae lee lec Aes 0.13! 33a 
0.12 9 a ee ed ee, ee eee oe ea re 0.08) 64 (8) 
0.00 Sa Paw steed lis cho evell eieatec ail Onova 0.00} 71 (8) 
ha ZTD Weel OO} ome O87) Ae 0.00} 293 (8) 
Sept dies aan Se lece eae tacos A oer IO See oe 124 (1) 
0.12 SB.e OAS ior Ova score lene tee 0.15} 91 (4) 
0.84 208 es ioelomm cle am chen ee 0.54) 249 (3) 
0.36 NOD Ti caceemaltstereetaiite merle accent 0.12] 206 (8) 
eS 52 | 0.00} 90 | 0.60) 90 | 0.54) 80 
0.00 £28 O25 OD, | Se aol 0.06; 120 (4) 
OSAO: esti alana eae | a mbete  oeeeie 0.00} 108 (1) 
bg 8 eee TB Wsee:5-6.51) See «oral sam 0 foe ate | ene SE 
0.00 106 | 0.24] 141 | 1.32} 81 | 0.31) 104 
0.05 TB ANa cre cteciaatee rer) areas 0.08} 481 (8) 
1.79 GSA O4TS ee cre cl hee eeeeee 0.91] 104 (8) 
0.00 1B Merge cl toes Ged |eeee, Balle ene 0.00} 171 (8) 
0.04 55 | 0.50] 42 | 0.31] 15 | 0.21} 51 
to 19. | Oct. 20 to 26. crepe Average. 
E ip E te E 
Ox. an. C.6: in. C.C. 
119 0.00 264 0.00 175 
103 0.40 ASL QI Stearate |e eee 
111 0.09 SO eee ee cis See 
122 0.00 125 3.92 59 
108 0.89 52 0.36 58 
15 


—— 
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Summer march of evaporation at selected stations.—The variation in 
the intensity of atmospheric evaporating power as the season advances 
at any given station is surely of very great importance in determining 
the kind and extent of the corresponding variations of developmental 
changes occurring in plants. These variations are therefore of consid- 
erable interest in other ways than because of the general novelty of 
atmometric data. We therefore give, in the following paragraphs, a 
short discussion of this feature for each of the 10 stations represented 
by the graphs of figures 3 to 12. These graphs are of gradatory form 
and each one is double. The upper graph of each pair represents the 
weekly evaporation rates (in cubic centimeters) from the standard 
cylindrical porous-cup atmometer, and the lower one represents the 
weekly precipitation. The dates given below, in each case, denote 
the endings of the consecutive weeks of the series, and the numbers 
on the graphs themselves are the ordinate values, representing cubic 
centimeters of evaporation and inches of rainfall. The features 
brought out by these figures will now be considered. 


od 


or $994 7 }2 1.051 00 | 00 |.03, [A 
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Fria. 3.—Weekly precipitation and evaporation indices, summer of 1908, Seattle, Washington. 


Tune ee 2WUuYE 13 20 27RUEI 10 17. &4 SSERT (# 26. 20075 /2 19 26NoOK2 


Fig. 4.—Weekly precipitation and evaporation indices, summer of 1908, San Diego, California. 


Seattle, Washington (fig. 3): In this graph the intensity of atmos- 
pheric evaporating power attained an early maximum of 200 C.c. 
(week ending July 13) and then fell generally to the end of our series. 
The weeks ending October 12 and 19 showed an average rate of 15 
c.c. per week, which is the minimum rate encountered. In the latter 
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half of our period considerable precipitation occurred. It is to be 
noted, as is generally the case, that weeks with much precipitation are 
characterized by low evaporation intensity. 

San Diego, California (fig. 4): For this station the weekly rates of 
evaporation show a striking uniformity for the period, with a minimum 
of 119 c.c. anda maximum of 264 c.c. The period was nearly rainless. 


EVAPORATION 


aa 
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Fie. 5.—Weekly precipitation and evaporation indices, summmer of 1908, Tucson, Arizona 


Tucson, Arizona (fig. 5): From the beginning of the series to June 
29 the intensity of evaporation rose rapidly to a maximum of 635 c.c 
for the week ending on the latter date. With the advent of. the sum- 
mer rainy season the rate then fell in 3 weeks to a magnitude of 206 
less than one-third of the maximum. During the remainder of the 
series (ending September 14) the rates varied between 229 and 302 
This latter half of the summer is a season of relatively great precipita- 
tion at this station, and the low evaporation intensity of the rainy 
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period is here well shown.! This is the time when summer annuals 
are active. 

Dalhart, Texas (fig. 6): This station is characterized by exceedingly 
high rates for our series of observations—higher rates than were 
obtained at any other place—in spite of the fact that there was here 
considerable precipitation throughout the summer. No observation 
was obtained for the week ending August 3. The maximum weekly 
rate was 656 c.c. (week ending June 22) and the minimum was 329 
c.c. (week ending July 20). The march of the index of evaporation 
intensity suggests a periodicity with a period of several weeks. 
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Fig. 6.—Weekly precipitation and evaporation indices, summer of 1908, Dalhart, Texas. 


St. Louis, Missouri (fig. 7): The maximum weekly rate (212 c.c.) 
was not attained here until the week ending September 7, and the 
minimum (71 ¢.c.) occurred early in the season, for the week ending 
May 11. The highest rate at this station was but little higher than 
the lowest encountered at Tucson. There appears to have been a 
general upward trend of the rate values throughout the whole series, 
to about September 7. There is here also a suggestion of a periodicity. 
Rains were frequent and plentiful until the latter part of the series of 
observations. 

Oxford, Ohio (fig. 8): Here there was a general increase in evapora- 
tion intensity throughout the season, until about August 31. The 
rates vary irregularly, from a minimum of 78 c.c. (week ending May 
25) to a maximum of 249 c.c. (week ending August 3), the highest ones 
being nearly as great as those for San Diego. 


1 Livingston 1907, 1. 


314 ENVIRONMENTAL CONDITIONS. 


Ste, Anne de Bellevue, Quebec (Macdonald College, fig. 9): The 
highest weekly rate for this station was 181 c.c. (week ending June 
29) and the lowest was 43 c.c. (week ending August 10). The last 3 
weeks of July and the first 3 of August were characterized by low 
evaporation intensity. Here the highest intensity recorded is much 
lower than the lowest experienced at Tucson. Rainfall at Ste. Anne 
de Bellevue was not great, but the rainy weeks were somewhat 


regularly spaced. 
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Fig. 8.—Weekly precipitation and evaporation indices, summer of 1908, Oxford, Ohio 
’ ’ . 


Orono, Maine (fig. 10): The minimum rate f i 

; : or Oreno is 48 e.e. 
(week ending June 1) and the maximum is 178 ¢.c. (week ending aie 
13). The week ending June 29 is without a record for evaporation. 
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The evaporation-rates are here shown to have been rather uniform, 
on the whole, with a suggestion of a 3-week periodicity. 

Easton, Maryland (fig. 11): Here the weekly rates of evaporation 
varied from a minimum value of 59 c.c. (weeks ending August 31 and 
November 2) to a maximum of 308 c.c. (week ending June 20). There 
occurred a general rise in these rates from the beginning of the series 
to about July 20, after which the evaporation intensity was low and 
strikingly uniform. It is interesting to note that the highest rate for 
Easton is higher than any rate encountered in the summer rainy season 


Fig. 9.—Weekly precipitation and evaporation indices, summer of 1908, MacDonald College, 
Ste. Anne de Bellevue, Quebec. 
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Fic 10.—Weekly precipitation and evaporation indices, summer of 1908, Orono, Maine. 


at Tucson, and the three highest for Easton are higher than any rate 
experienced at San Diego during the whole series of observations at 
that station. Curiously enough, the two graphs for Easton are similar 
in their general form to those for Tucson. In both cases a fore-sum- 
mer of low rainfall and of generally increasing evaporation intensity 
is finally broken by a heavy rain, which ushers in a period of greater 
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rainfall and of relatively low evaporation values. This drought- 
breaking rain occurred in the week ending July 20 at Tucson, in the 
next following week at Easton. 

Miami, Florida (fig. 12): The exceptionally long record for Miami 
shows a maximum evaporation rate of 232 c.c. early in the season 
(week ending May 18), and a minimum of 35 c.c. near the end of the 
series (week ending October 5). While the general trend of the graph 
of atmospheric evaporating power is downward as the season advances, 
there are rather pronounced variations, which have some tendency to 
occur periodically, with an interval of about 8 weeks. The intensity 
of precipitation appears to increase throughout the season, and heavy 
rains have relatively but little relation to the evaporation values. 


EVAPORATION 


2 
135 
/22 V1. 
95 ‘3 M2 98 106 
2 


Mara st 18 25 tel 8 IS 22 296 13 20 27483 10 172 24 SISERD +# 21 28S f2 19 26 Nowe 


Fig. 11.—Weekly precipitation and evaporation indices, summer of 1908, Easton, Maryland. 


Mean evaporation values for 5-week periods and for 15-week season 
(Table 17, plate 56.)—As has been indicated, the average weekly rates 
of loss from the porous-cup atmometer, at the several stations, have 
been calculated for the 5-week periods, April 20 to May 25, May 26 to 
June 29, June 20 to August 3, August 4 to September 7, and September 
8 to October 12. For a few stations the average rates for the last 3 
weeks of the series (from October 12 to November 2) have also been 
calculated. These averages are given in the final columns of table 16 
and. they are all brought together in table 17. Where data are not 
available for all the 5 (or 3) weeks of a period, the average has been 
made from the smaller number of weekly records at hand, and the 
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number of records so used is denoted by the number following the 
average, in parentheses. It will be seen at once that many of our 
5-week averages are rendered unsatisfactory in this way, because full 
records are lacking. 
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Fic. 12.—Weekly precipitation and evaporation indices, summer of 1908, Miami, Florida. 


For the three 5-week periods (May 26 to June 29, June 30 to August 
3, and August 4 to September 7) the records are generally more nearly 
complete than for the earlier and later periods, and these three aver- 
ages form the basis of our chart of summer evaporation intensities. 


ipitate } hree 5-week 
Tasie 17.—Summary of data of precipitation (P) and evaporation (EL) for t eek 
periods for the pat: of 1908 (data from table 16), together with averages and precipi- 
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' 
tation-evaporation ratios (P/E) for the 15-week period May 26 to September 7. 3 


15-week period. 


First period. | Second period. | Third period. 


Station. Average. 
i} 
12 E Pe. E ie Ie 24 E 
in se im C:6. in c.c in. C.C 
Mabama eb lorencesmeeseaes = |eeeital teeter 0.82 | 122 0.57 | 113 0.70 | 118 (2) 
Arizonace DUGsOM taser 0.00 | 511 1.55 | 358 1.12 | 249 0.89 | 373 
California: San Diego....... 0.00 | 198 (2) | 0.03 | 221 0.12 | 201 0.05 | 207 
Colorado: Boulder.......... 0.09 | 225 (3) | 0.41 | 180 0.66 | 161 0.39 | 189 
Florida: 
Gainesvillemanssa eae eee 128671 200 (4) al 74 | aL AS eee eee ees 1.80 | 171 (2) 
INDIANS erat ete aceon tote 3.23 | 136 0.92 | 144 1.34 92 1.83 | 124 
Illinois: 
@harlestontoscrmeco 0.70 | 189 0.59 | 158 0.39 | 229 (2) | 0.56 | 192 
Wrbanaset. eee. 0.52 | 113 (4) | 0.66 | 110 OF 005 eae 0.59 } 112 (2) 
Towa st lOwa lteter oe teectamelliee creas lanes Rectan TOTP GSS (GSN |) a Gs |) get) 1.41] 152 (2) 
Louisiana: Cameron......... 1.03 | 234 2-66: | 167 @) | 1249 | 116°4) | lsi3 4 472 
NEaine Orono neers tsar 0.88 | 120 (4) | 0.57 | 126 0.95 87 0.80 | 111 ; 
Mani tobain WaAliiipe giant teens| oeaceste all cneeteieierlicneesteets W562 isl Ss Sale S ccmek ae. Ss oles cornet a eee 
Maryland: Easton.......... 0.58 | 158 0.95 | 229 1.84 | 107 1.12 | 165 0.0068 
| Michigan: 
Grand sRapids eee 0.34 | 153 0.63 | 161 0.80 } 128 0.59 | 147 0.0040 
Houghton eeaee eee 0:91 | 172.@) |) Onv5 | 127 0.20 | 163 0.62 | 154 0.0040 
Sts Helentraaccstc cron toscana lisence 0.61 | 202 (2) | 0.52 | 234 (4) | 0.57 | 218 (2) | 0.0026 (2) 
Minnesota: Minneapolis..... 1.58 93 (4) | 0.63 | 144 0.23 | 159 0.81 | 132 0.0061 
Missouri: St. Louis.......... Oxntouleiaz 0.96 | 154 Oz3sis| 176 0.67 | 161 0.0042 
Montana: Bozeman......... eae 39 0.09 | 162 0.22 | 150 0.69 | 117 0.0059 
Nebraska: 
Eincolnaner eens ee 252 ets SoS iahs weet 0.69 | 134 (4) | 1.61 | 104 0.0155 
North: Platte: c0 60 eae 1.04 | 118 O63" (127 (eee e iiw eg! 0.66 | 139 0.0047 
Nevada eRenOrey.c senses eer etek ro clone tener: 0.03 | 475 (4) | 0.04 | 371 (3) | 0.04 | 423 (2) | 0.0001 
New Brunswick: Fredericton | 0.96 94 0.48 | 118 0.80 59 0.75 90 0.0083 
New York: 
INewg Vorlen.taa0 een ae 0.25 | 132 (4) | 0.380 | 148 (3) | 1.39 71 0.65 | 117 0.0056 
SYPACUSE Sa centres miaiok OG79)| see 0.70 | 305 (4) | 0.16 | 348 0.43 | 327 0.0013 
North Carolina: 
Pisgahstorests «sees casas 0.88 67 (4) | 1,42 70 3.64 43 (4) | 1.98 60 0.0330 
Wiestinaletoivnm ne. | eateee 1.29 | 196 1.23 | 164 3.34 74 1.95 | 145 0.0134 
North Dakota: Dickinson....| 0.85 | 268 0.30 | 319 0.35 | 258 (4) | 0.50 | 282 0.0018 
OhioteOxtord sate 0.52 | 149 0.69 | 188 Or220 1 2SE5 0.48 | 184 0.0026 
Oklahoma: Stillwater........ SHE fh aka) 0.62 | 191 JESS uielos 1.09 |} 154 0.0071 
@regon: Bugene............ 0.41 95 0.00 | 219 0.00 | 179 0.14 | 164 0.0009 
Quebec: St. Anne de Bellevue | 0.36 | 171 (2) | 0.33 99 0.34 65 0.34 | 112 0.0030 
Saskatchewan: Regina-e- a. |e. 1155162) |e on | LG4an nn eee one Teen a eee 132 §=s. |. 
Tennessee: Knoxville........| 0.63 93 (8) |. 0.65 | 128 (2) | 0.73 92 (2) | 0.67 | 104 0.0064 
phexastiealliart ater. actemon tn 0.51 | 565 0.71 | 404 (4) | 0.25 | 440 0.49 | 470 0.0010 
Utah: Salt Lake City....... 0.45 72 (4) | 0.05 | 170 0.28 | 178 0.26 | 140 0.0019 
Vermont: Burlington........| 0.63 | 157 0.55 | 196 0.44 | 160 Os545) eT 0.0032 
Washington: Seattle.........} 0.02 | 156 (2) | 0.05 | 167 On 96 0.08 | 140 0.0006 


To obtain a single number to represent each station for this 15-week 
period (May 26 to September 7), the three 5-week means have been 
averaged, to give a mean intensity of atmospheric evaporating power 
for approximately the three summer months. The three 5-week aver- 
ages and the resulting 15-week means are shown in table 17, together 
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with the corresponding precipitation means and the precipitation- 
evaporation ratios for the 15-week period, the latter to be considered 
below. Where the 15-week mean had been obtained from only two 
averages this is indicated by the figure 2 in parentheses. 

Scrutiny of the means for this summer season shows them to vary, 
with the geographic position of the stations, in an apparently rational 
manner, and there is no reason to doubt that they furnish an approxi- 
mately correct picture of the distribution of intensities of evaporation 
over the United States for the period in question. There are two 
marked exceptions to the last statement—the means for Bozeman, 
Montana, and Salt Lake City, Utah, appear to be far too low, though 
no explanation is at hand to account for this. The data for these two 
stations have been ignored in the preparation of our chart. 

Plate 56 is a chart of evaporation intensities constructed from the 
means just considered. The relatively few stations for which data 
are available makes it unadvisable to attempt any detailed study of 
climatic zones in this case, and isoatmic lines are shown for only 150 
and 300 c.c.' 

The most significant features of the chart of plate 56 are the follow- 
ing: 

(1) The Canadian region of low summer evaporation (less than 150 
c.c. per week) extends, as a great lobe, southwestward from Lake 
Superior, as far as the valley of the Arkansas River. Another southern 
extension of the northern area of low summer evaporation intensities 
reaches south-southwestward from southern New England, occupying 
the whole of the Appalachian Mountain system south of Massachu- 
setts. This area broadens toward the south and embraces most of 
South Carolina, Georgia, Alabama, Mississippi, and eastern Kentucky 
and Tennessee. Miami, Florida, northern and western Washington, 
and northwestern Oregon lie in the region of low intensity, as must 
also the high altitudes of the Rocky and Sierra Nevada Mountains 
though our numerical data do not show this feature. 

(2) The main region of high evaporation intensity (over 300 c.c. 
per week) extends northward from Mexico and occupies western Texas, 
New Mexico, and Arizona south of the plateau, and the lower altitudes 
of Nevada and of southeastern California. This is obviously the 
so-called desert or arid region of the United States, and corresponds 
to the arid evaporation province as shown on plates 53 to 55, and in 


1 It is to be remembered that the numerical data are in terms of cubic centimeters of weekly loss 
from the Livingston standard cylindrical porous-cup atmometer, exposed as were our instruments. 
They are to be regarded merely as comparable indices of atmospheric evaporating power with 
reference to this instrument, just as are numerical data-in terms of depth of water-loss from 
some specified water-surface exposed in a specified manner. Prevalent ideas in this connection 
require repeated emphasis upon the fact that rates of water-loss from one form of atmometer 
can not be mathematically deduced from those obtained with another form of instrument, ex- 
cepting in a very general way. If this can be generally appreciated it will aid much toward 


atmometric progress. 
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figure 2. There is also clearly indicated a limited region of high 
summer evaporation in the vicinity of Syracuse, New York. 

(3) The region of intermediate evaporation intensities (from 150 
to 300 c.c. per week), lying between the other two, of course extends 
eastward from the California coast to about the one-hundredth meridian 
of west longitude, where it is nearly replaced by the great embayment 
of the northern region and by the northeastern termination of the arid 
region. It then broadens southward to include the Gulf coast and also 
extends northeastward. It occupies the Atlantic coastal region as 
far north as southern New England (excepting southeastern Florida). 
Between the two great southern extensions of the zone of low inten- 
sities this zone of medium intensities extends northeastward as far as 
Burlington, Vermont, broadening to include most of Michigan. 

Comparison between plates 55 and 56.—Plate 55, as has been stated, 
presents a chart of summer evaporation intensities based upon Russell’s 
data, and is here published in order to allow a comparison of our own 
summer data (1908) with those of Russell (1887-88). As might be 
expected, the details of these two charts are not at all in agreement, 
but a study of the two brings out certain features which may be 
worthy of brief attention. 

(1) It is seen at once that the desert region is clearly shown on both 
charts. On one scale this zone has an evaporation intensity of over 
300 c.c. per week; on the other scale, of over 30 inches for the three 
months, and the geographic areas represented by such intensities are 
satisfactorily similar in the two cases. 

(2) The region of low intensities of evaporation, characterized by 
indices below 150 c.c. on the 1908 chart, may be taken to correspond 
to the region of intensities below 15 inches on the other chart. Such a 
convention shows, not an agreement between the two, but such differ- 
ences as might be expected to occur between charts for different 
summers, even though these were derived by the same methods. On 
the chart from Russell’s data we find the zone of low evaporation 
(below 15 inches) to extend southward along the Pacific so as to 
include the whole coastal region, while in the 1908 chart the corre- 
sponding zone apparently can not be extended nearly so far south- 
ward. On the 1888 chart, instead of the southward-projecting lobe of 
the zone of low intensities, west of the Great Lakes (shown on the 
other), this northern zone merely widens to include all of the Great 
Lakes and the country west of them to the middle of the Dakotas, and 
continues eastward to the Atlantic coast. On approaching the coast 
its southern boundary (plate 55) still bends southward and south- 
westward and reaches the continental margin only at the mouth of 
the Rio Grande, thus producing the counterpart of the eastern or 
Atlantic lobe of this zone (below 150 ¢.c.) on the 1908 chart. Thence 
the isoatmic line of 15 inches (plate 55) apparently bends again to the 
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east (in the Gulf of Mexico) and reenters the continent sufficiently 
to demark the Gulf coasts of Florida and also a little of the Atlantic 
coast near Jacksonville, as pertaining to the zone of medium evapora- 
tion intensities. Thus the northern area of low intensities is broadened 
southeastward from New England, to include nearly all of the Atlantic 
and Gulf coast region, which suggests no very great alteration from 
the condition of affairs depicted by the 1908 chart. This way of regard- 
ing the zonation thus considers that the Minnesota-Kansas lobe of 
the northern zone of low intensities is represented only on the 1908 
chart, that the northern zone is otherwise much widened southward 
throughout its eastern half on the 1908 chart, and that the Maine- 
Mississippi lobe of this same zone is represented on both charts, being, 
however, more extensive on that for 1888. 

(3) One of the main differences between the two charts lies in the 
portion of the great eastern lobe of the zone of medium evaporation 
intensities. While this lobe extends northeastward from Oklahoma 
and Texas in the 1908 chart, it extends eastward from Nebraska in the 
1888 chart. In the latter it does not attain as great a northerly exten- 
sion as in the former, and it practically reaches farther east in the 
region of Chesapeake Bay (on account of the localized area of that 
region) in the 1888 chart. As has been noted above, the zone of inter- 
mediate atmospheric evaporating power occupies practically all of the 
Gulf coast and all of the Atlantic coast as far north as New Jersey, 
on the 1908 chart, but this zone is, as it were, nearly crowded off from 
the continent on the 1888 chart. 

From the above considerations it appears that the two charts are 
not in nearly so great disagreement as a first view might suggest. They 
agree very well in depicting the desert region. They agree in showing 
a southward extension of the northern zone of low evaporation, on 
each ocean border, and in showing the eastern of these extensions as 
embracing the Appalachian Mountains south of Pennsylvania. They 
agree in depicting a zone of intermediate evaporating power, including, 
roughly, the western half of the country (excepting the most arid part), 
the region of the main great mountain-mass, and the high plains east 
of this. Finally, they agree in showing that a great lobe of this inter- 
mediate zone extends eastward or northeastward from the main area, 
and that this lobe embraces the region immediately west of the Appala- 
chian Mountains. 

Whether all these generalizations from imperfect observations, for 
two periods 20 years apart, may prove generally true throughout a 
long period of years will hardly be known by the present generation— 
nor even by the next following one, unless atmometry begins to 
attract serious attention in the very near future. They are of little 
value at present, excepting as very rough approximations and as they 
indicate how important among climatic features is the evaporating 
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power of the air, and how readily it might have been and may be 
studied. 

Summer evaporation, 1908, as shown by geographic profiles.—To 
obtain another kind of picture of the geographical variation in summer 
evaporating power of the air, as brought out by the 15-week means, 
attention may be directed to the 6 profiles shown in figure 13. These 
profiles aim to present graphically the changes in summer evaporation 
intensity to be encountered in traversing the country from west to 
east and from north to south. Two west-east profiles are shown, one 
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Fig. 13.—Evaporation profiles, weekly rates, summer of 1908, with vegetation indicated. The 
lines along which these profiles are constructed are indicated on Plate 56. 


passing from Seattle, Washington, to Fredericton, New Brunswick; 
the other passing from San Diego, California, to West Raleigh, North 
Carolina. Three north-south profiles are presented, the first passing 
from Regina, Saskatchewan, to Cameron, Louisiana; the second from 
Houghton, Michigan, to Miami, Florida; and the third from Frederic- 
ton, New Brunswick, to Miami, Florida. Those of our stations through 
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which these profiles pass are indicated at proper distances along the 
horizontal axis. As ordinates, extending upward at the points so 
marked, are represented the mean weekly losses from the porous-cup 
atmometer, as given in table 17, these numerical data being placed 
upon the profiles. Below each profile are conventionally indicated the 
vegetational types traversed and their approximate boundary lines, 
these boundaries having been obtained from the generalized vegetation 
chart (plate 2). We need not digress here to discuss the relations 
brought out between vegetation and summer evaporation intensity 
as here indicated ; these matters will receive attention in their own place. 

The northern west-east profile (lowest in figure 13) shows little 
variation in the intensity of evaporation throughout its extent. The 
southern west-east profile, on the other hand, shows a very great 
variation in evaporation values, the maximum being at Dalhart and 
the minimum at Pisgah Forest. The north-south profiles bring out 
the relatively high summer evaporation values obtained at Dickinson, 
at Easton, and at Gainesville and Oxford. 


(4) CONCLUSIONS FROM THE Stupy OF EVAPORATION CONDITIONS. 


All the evaporation charts agree in their main features, especially 
the charts derived from Russell’s observations. The four evaporation 
provinces are represented in figure 14, based on plate 53, and may be 
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characterized as follows: The arid province extends northward from 
Mexico and occupies the Great Basin. The semiarid province is shown 
as a belt lying outside of the arid area, this belt not being wide enough 
to reach the Pacific at any point, but extending into Canada at the 
north and also extending eastward, from Nebraska and Oklahoma, 
in the form of a large lobe that reaches nearly to the Appalachian 
Mountains. The semihumid province occupies a narrow belt outside 
of the semiarid one, but not reaching to the Pacific coast (on plates 
53 and 55, at least). This belt broadens at the north, extends into 
Canada, and lies just outside of the great eastern lobe of the semiarid 
province. It includes much of the Gulf and southern Atlantic region, 
a feature that is quite unlike the corresponding state of affairs on the 
precipitation charts. The humid province occupies a small portion 
of the northwest (reaches southward along the Pacific coast on plate 
54, fig. 14), extends into Canada at the north, reenters the United States 
west of the Great Lakes, and occupies most of Minnesota, Wisconsin, 
Michigan, New York, and the three northern States of New England. 
Another portion of the humid province lies along the Atlantic coast, 
from Massachusetts (or southern New Jersey, see fig. 14) to North 
Carolina, and a narrow strip appears on the eastern coast of Texas. 


C. RATIOS OF PRECIPITATION TO EVAPORATION. 


(1) PRELIMINARY CONSIDERATIONS. 


Following the lead of Transeau (1905), we have employed the ratio 
of precipitation to evaporation as the nearest approach that is as yet 
possible toward an ideal index of the external moisture-relation of 
plants. Transeau’s introduction of this ratio marked a very definite 
and important forward step in climatology, which will, no doubt, be- 
come more thoroughly appreciated as data of evaporation become 
available. Of course this ratio, like other intensity factors, may be 
employed in connection with any duration factor or factors that may 
seem desirable, and we have thus employed it in six different ways. 
As has been said, however, it is not yet possible to obtain evaporation 
normals, and all that can be done is to use Russell’s data for the single 
year, J uly 1887 to June 1888. Transeau obtained his ratio by divid- 
ing the normal annual precipitation, for each station considered, by 
the corresponding total evaporation for Russell’s year of evaporation 


data. _ Our various applications of the Transeau ratio will receive 
attention below. 


(2) Ratios or Norma Toran Precipitation, FoR Prriop or AVERAGE F 
’ R 
TOorTaL EVAPORATION AS OBTAINED BY RUSSELL FOR THE SAMB Panton ath Tae 
Jory 1887 ro June 1888. P/E. (Taste 11, Pats 57, Fia.16.) 
. ee two terms ie this pea a each of the stations included in our 
ist, are given in the second and si i 
i au # eas sixth columns, respectively, of table 
; eratio values themselves (P/E) are given in the eighth column 
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of the same table. These ratios are shown graphically on plate 57, 
where the numbers on the lines represent hundredths, 

Inspection of table 11 and plate 57 shows that the moisture-ratio 
values range from 0.04 (Independence, California, and Winnemucca, 
Nevada) to 1.76 (Cape Hatteras, North Carolina) and to 3.84 (Tatoosh 
Island, Washington). The highest values are in western Washington 
and Oregon and the lowest are in the region of the Great Basin and in 
the arid Southwest. The isoclimatic lines show that the country may 
be divided into three main zones or regions: (1) an arid zone (ratio 
values below 0.20), (2) a humid zone (ratio values above 1.00), and 
(3) an intermediate zone (ratio values between 0.20 and 1.00). The 
intermediate zone is conveniently subdivided into a semiarid zone 
(ratio values between 0.20 and 0.60) and a semihumid zone (ratio 
values between 0.60 and 1.00). There are thus four climatic zones 
or provinces to be considered, as in the case of our precipitation and 
evaporation charts. Their limits are denoted by full lines on plate 57. 

The arid province extends, roughly, from the Rocky and Big Horn 
Mountains westward to the Cascades, the Sierra Nevadas, and the 
Coast ranges. It includes a little of southeastern Washington. 

The semiarid province forms a belt lying west, east, and north of 
the arid region, extending westward nearly to the coast of Washington 
and northern Oregon, and to the coast of southern Oregon and Cali- 
fornia, northward into Canada, and eastward to about the ninety- 
ninth meridian of west longitude. 

The semihumid province is shown northwest and east of the semi- 
arid area. It includes a narrow strip of western Washington and north- 
western Oregon and extends eastward from the semiarid region to 
about the ninety-third meridian at north and south, but is broadened 
to include most of the country in its middle portion. This zone also 
includes southern peninsular Florida. ‘The western portion of the 
humid region occupies western Washington and a little of northwestern 
Oregon, while the eastern portion includes the Gulf coast east of the 
Mississippi River (excepting extreme southern Florida) and the 
Atlantic coast north of southern Florida (excepting the northern 
part of the New Jersey coast and the coast about Boston). It also 
occupies the country north of middle New England and extends south- 
ward from Canada to include northern Michigan, northern Wisconsin, 
and eastern Minnesota. 

The most interesting special feature of this chart is the enormous 
eastward enlargement of the semihumid region, which corresponds to a 
similar eastern lobe evident on the evaporation chart for the period 
of the average frostless season (plate 53). It should be remarked that 
a localized portion of the semiarid region here appears to be located in 
the middle of this enlargement, occupying southern Illinois, Indiana, 
and Ohio, and northern Kentucky. <A similar localized arid areais shown 
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on plate 53. There is also apparent here a small localized area with 
ratio values of 1.00 or 1.03, including Topeka, Kansas, and Lamar and 
Springfield, Missouri, but this deserves no special attention. It is 
especially interesting to note, as will need to be done also in connec- 
tion with a number of the following charts, that the line for value 1.00 
apparently leaves the mainland in the middle of the New Jersey coast, 
returns at the western edge of Connecticut, leaves it again south of 
Boston, and finally reenters at the southwestern extremity of Maine. 
This brings it about that the eastern portion of the humid zone is 
divided into two parts, a northern one extending from Minnesota to 
northern New England and an eastern and southern one extending 
from about Boston or New York to the Rio Grande and beyond. This 
feature appears to be an important one, and it will receive more atten- 
tion later. 


(3) Ratios or Torau PRECIPITATION FOR PERIOD OF AVERAGE FROSTLESS SEASON, FOR THE 
Year Juty 1887 tro Junge 1888, To ToraAL EvaPoRATION AS OBTAINED BY RUSSELL 
FOR THE SAME PERIOD AND YEAR (P/E). (Tape 18, Puate 58.) 

The method of deriving the moisture ratios that has just been des- 
cribed involves the use of normal precipitation data along with evapora- 
tion data for the single year of Russell’s study. It was thought that 
this would give to the derived ratios somewhat more of the character of 
normals than would be the case if both precipitation and evaporation 
data had been taken for the single year in question, but the novelty 
and great promise of this climatic ratio render it worth while to present 
the values obtained by the latter method. These are given in table 
18. To make comparison easier, the ratio values from table 11 are here 
repeated, in the last column. The second column of table 18 gives the 
total precipitation for the period of the average frostless season, 
derived for the actual months of Russell’s observations. His 12 months 
have been treated as though they all pertained to the same calendar 
year, and our usual method of approximating average frostless season 
data from monthly data has been employed, the original monthly 
data of precipitation for the year July 1887 to June 1888 being taken 
from the Summary by Sections. We term this precipitation value TE 
to distinguish it from P. The third column gives the corresponding 
evaporation values (#) for the period of the average frostless Season, 
being taken from the sixth column of our table 11. The fourth column 
gives the new ratio values (p/E). When the name of one station is 
followed by that of another (the latter in parentheses), the evaporation 
ae are for the latter station and the precipitation data are for the 

ormer. 
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TaBLE 18.—Data of precipitation and eva Y J 
: } poration for the period of the average frostl 
for the year of Russell’ s observation (July 1887 to June 1 Bh), and LS igo ak aa 
cs precipitation to evaporation, together with similar ratios derived by employing normal 
ata of precipitation instead of those for this single year. 


hb oO : fe = 
£326 | $928 5 
a Sa Br 27 
oer Saeed 
BS @0|3 35 P/E 
Station. AS 8 q 33 e528 p/E (From 
eee s ¢ 2 ones table 11.) 
Aves | Sug~ sg 
qe25 | 3885S 
shes BAERS 
spare : (82)! in. in. aa) 
ODUM S2) rors cette ae cue Sais eles 50.68 35.16 1.49 
Niontgeomery.(S2) ee seces. ee eka: 34.20 41.90 0.82 nye 
Arizona: : 
OTUPADACHEN(S) Paccieienicdcu.c vos att 10.15 36.74 0.27 : 
HornGranti(s ieee eter tee cece > 20.71 78.91 0.26 Dee 
PIesCOtte Cl me me ys fae ace ae 8.54 29.72 0.29 On 7 
Arkansas; Fort Smith (47)...:......... 36.24 37.01 0.98 0.85 
California: 
IR eet (OED awn a ae ee Cee eee 3.51 56.87 0.06 0.08 
DOseAn Peles Comes ate ce oe oor C 8.27 34.81 0.24 0.37 
USGS t ELD brs het: Sees ee seis ae oth 6.88 70.75 0.10 ORs 
SACEAIMENLON CLO) tect rete ck de. 4.10 46.38 0.09 One 
Sau Urancisco(i4) .o5...06 see ee 10.53 32.49 0.32 0.48 
Colorado: 
Colorado Springs’ (7))s............»- 12.20 30.48 0.40 0.33 
WIGUVEPUCS reer et Tee eon cas 8.76 38.92 0.22 0.19 
eae New Haven (105)........ 22.57 20.05 eels; i alys 
orida: 
PACKBOMVILIGMCSS) sic cies «mite len cle on 43.57 39.67 Tato 16 
ReysWiestl(84) satcicr er tiex.s eis, a eaie'e 34.95 51.6 0.68 0.75 
Rensacola (Sa)iea.t cn avas wi 2 okies fel.s 44.45 41.59 1.07 1.08 
i |p 86.2448 5 asd | lo 
Georgia: 
Jie RNs ial Cots) eset clay pa ae SCRE 44.21 36.95 1.14 0.74 
Savannalhy(SG)ie.eceraee alam ie os ale < 21.46 35.53 0.60 ies 
Td ahomeBowsen(22) ecnees se lsawo s «0's meet 4.75 43.80 (3101 0.09 
lilinois: 
Gairon GOR ee Eureka ote lee -sers “s 16.71 35.85 0.50 0.64 
rca en (G4) oeate cries c fnis cals aye > &» 18.26 25.94 0.71 0.74 
SOMmNrAGlan(Gd). 4. a anc vee fem. ei 20.08 28.26 0.71 0.74 
Indiana: Indianapolis (68)............. 16.15 34.95 0.46 0.63 
Iowa: 
AVOUPOEUM OL) select ins tale. 12 e.8 26.71 27.77 0.96 0.74 
WSS EN TOMMESN (OS) atte faves eltoss » Sla.? Shee «4 20.96 24.75 0.85 0.89 
yee (DA ae che oie cie sys son ucts ay0 PHS Y 23.31 el 7 0.95 
eeolcakaOo) erat hcg ee tee ase > 20.36 32.70 0.62 0.75 
Kansas: 
Goncordian( Ss) Be etic ie = eve te 18.62 28.79 0.65 0.70 
acer Citva( Go) aeiner eines seer 13.45 36.69 0.37 0.43 
ROPECKAI(GS) ance oi-relarenrelieters ses ars 23.30 25.45 0.92 1.01 
Kentucky: Louisville (76)...........-. 26.67 39.19 0.68 0.57 
Louisiana: 
New, Onleans (45) janice « acu ein = © neve 67.72 40.61 1.67 121 
Shreveport! (4G) ers ets esis cee oe 33.60 36.96 0.91 0.82 
Maine: 
Wagtportn LOG) measte cries ster ester taler 14.88 13.97 1.06 1.31 
Rortlands(LO6) eects secu ays 10.02 Wife dss 1.05 1.04 


1 Numbers in parentheses after station names denote the section number, in the Summary by 
Sections, under which this station is given. 
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Taste 18.—Data of precipitation and evaporation for the period of the average frostless season, 
for the year of Russell’s observation (July 1887 to June 1 888), and corresponding ratios 
of precipitation to evaporation, together with similar ratios derived by employing normal 
data of precipitation instead of those for this single year.—Continued. 


a en 


SHES | S538e 
Be haha Dae hace Be 
Cease (coe oe 
= a's 2 38. P/E. 
Station. as88| gses p/E (From 
CUR tes Gy eee table 11.) 
Forte (ce o38 g 
“sr | Sens 
SE°O8 | 88086 
5 Baa rt aS po 
a a 
Maryland: in. in. 
Baltix en(O) steric erie ere 24.34 34.78 0.70 (i RrA 
Washington, ).(C. (G4) nace. e eer 19.73 30.26 0.65 0.83 
Massachusetts: 
Boston (LO5)Srettets sense retar tee 17.97 22245 0.79 0.93 
INantucketuGlOS) et ese eine sieiene ere 22.00 18.40 1.95 1.03 
Michigan: 
‘Alpena’ (63) ne te eo ener ane 13.84 14.85 0.93 1.01 
DStrOrts (63) aaceeay terrain cece eee 13.90 24.39 0.57 0.69 
Grand Havenu(62))2 ase rere 14.70 19.28 0.76 0.79 
Mansing (G3) came sete ae octerenaree 13235 17.59 0.76 0.80 
Marquette: (G1) 2encatiete cee eto reer 9.97 14.48 0.69 1.03 
Porévebarons (G3) irae erate etree 10.54 18.85 0.56 0.78 
Minnesota: 
Duluths (SS serene cites ae ase 17.83 Teds i ise Be" eas 
Mioorhead).(5:7) tases c ccc cence crete 1 BS 15.46 0.80 0.94 
Sta Pauli(56) cece ccc unas enone eas 18.96 18.33 1.03 1.03 
Ste Vincents (Ov) san cts meeiemcieeaer: 12.88 10.39 1.24 0.92 
Mississippi: Vicksburg (80)............ 29.74 37 .34 0.80 0.93 
Missouri: 
Kansas: ©ityaoil eae eet ree 
Heaven worthty cis eeeatama iors ee \ See eh i oe 
amar (49) vee. acto etree 23.81 25.83 0.92 1.03 
Ste Liowismeissmcdse tes eoke cara eera es 20.60 39.29 0.52 0.58 
Spring tield (4.9) eee cere veeeereceeter ees Bons 24.96 0.93 1.00 
Montana: 
Crow Agency.(26) sree oe eine 9.22 31.30 0.29 0.23 
HorteAGsenib Ol Ose eia amie meas reeiete 9.79 20.86 0.47 Ose 
Ee ome (QV) aria ices eae 5.99 29.70 0.20 0.22 
Pooler River ce | pemiedde || 230-48 lt 0.50 i lennatiee 
Nebraska: 
Creter(S isin tare ainieeee cee 21.94 22.60 0.97 0.90 
INorth#Platter(S5) pecan reniees 11553 25.05 0.46 0.51 
Omahac(36)anecte eae ee eee re ea 27.09 0.64 0.82 
Nevada: Winnemucca (12)............ 0.96 45.99 0.02 0.04 
New Hampshire: Concord (105)........ 23 .64 17.84 SP 0.94 
New Jersey: Atlantic City (99)......... 21.20 17.48 TS21 1.30 
New Mexico: 
Rortiotantonn(2) eccentric 11.63 43.19 0.27 0.23 
Sante: He'(5) seater ere een 9.24 54.79 0.17 0.18 
New York: 
Albany (lO4)aece ener ee reer ae tee 18.99 PB c/a 0.80 0.84 
Bufialoxr(lOl) eerie 15,02 22.94 0.65 0.78 
News York (104)isa: ceo eer eee 24.08 29.43 0.82 0.87 
Oswego: (102) ch cen ate kan eee 11.25 19.97 0.56 0.87 
Rochester (LOD)iae cece 11.67 22.67 0.51 0.71 
North Carolina: 
Charlotter(S9) saaaceimmeneire ieee 35.89 34.06 1.05 0.88 
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TaB1E 18.—Data of precipitation and -vaporation for the period of the average frostless season, 
for the year of Russell’s observation (July 1887 to June 1888), and corresponding ratios 
of precipitation to evaporation, together with similar ratios derived by employing normal 
data of precipitation instead of those for this single year.—Continued. 


tk oO : h © mae 
fess | $2385 
Ee oiniitere 
oF = @ ape = 
48 8 2 ‘5 8 a oT 
Se ole. 2 Be P/E. 
Station. ‘3S 8 =| o‘seR” = p/E (From 
8 gr S nor table 11.) 
Ages | Sus” g 
ths in Po 
See | es eee 
to} ae re }° aq PS 
= cal 
North Carolina—Continued: : in. in. 
iaiteras (91) erase sco. ccc. sche 44.56 24.65 1.81 776) 
EVAL el ghie (OO) sebarcberstare ces eotomits ae oes 41.03 26.13 eye 1.22 
Wilmaineton (OO) caer tesa sence 33.84 27.35 1.24 1.35 
North Dakota: 
Bs isma vical med ercde s b.cenocteees tates 13.09 18.94 0.66 0.55 
Wisi iirorr (Gy Olametas Aas Serer aeaween ae 
IROL G MS MOPS aster. Savalas inc rekge hie ale oy « } ant 2073t ee ae 
Dovslstivakes2) se ae kiss aaa 14.96 15.38 0.97 0.75 
Ohio: 
SP MeMNATIICLO ee ved ene e ere. 11.55 37.20 0.31 0.51 
Glevelands( GQ) ein sbe.cede wider ace See 21.31 26.35 0.81 0.78 
Golam bus (en tshhiak ts ets ae ee os 3 11.39 33.29 0.34 0.58 
Bandusicu: (GO)\eemer see nie me er feats - 12.33 27.36 0.45 0.74 
oledo:(G9) ae ae aed tek a'e cuke 13.48 26.84 0.50 0.62 
Okishomas MortiSill (AU) ice. eee ea 31.80 33.81 0.94 0.70 
Oregon: 
PA BOLUM LG, ertotrereenerittnens ole se x so oye 36.29 PBUATHE 1.67 1.90 
Ietoy sien evo NCL NSS AE ROm Sica eee eae 16.35 29.42 0.56 0.66 
ROseDUre CLs) one aie tee on aris ktaere es 9.19 28.33 0.32 0.29 
Pennsylvania: 
rIe8 (OG) ctoete aes ate tes 6 wees wes 25.10 17.48 152 0.90 
Philadelphia: (OS}aa. cs. ecks ss eels? ae 22.14 35). 153 0.69 0.75 
EAADULE Meese ar eee eee rene A 20.55 29.69 0.69 0.66 
Rhode Island: Block Island (105)...... 20.80 17.56 1.18 1.39 
South Carolina: 
Charleston (GS) eos ae cleus Se os nals 31.85 36.25 0.88 1.16 
Co uimbisi(Sd ews bias we eeres,e 3 cual oe 30.94 31.81 0.97 0.98 
South Dakota: 
ERUIBON (SA) eespoteterretete civ ere) stain sys « 32 15.43 19.00 0.81 0.66 
Piette. (SS) ee ceieeks ata ee Rete: bys ao 12.87 27.60 0.47 0.39 
Wanleton (AN one se hohe a scr velar i 25.27 18.79 1.34 0.91 
Tennessee: 
@hatbtanOOearc1S) Stree sais ele baer s atods Dao 31.00 0.88 0.81 
MO X VAL LOHAS) cisusteneieasysrs a5 tae esis f 25.00 30.70 0.83 0.82 
IMemp hisn(/ @ srverscste scare so siers.e sere 18.46 37.00 0.50 (0). 705) 
INE BU CMMNEE sacktotia aes Coe OL Oe 26.67 36.66 0.73 0:69 
St 
i iain (AQ racic cisterns visiese se cleranhe ae» 23.83 46.00 0.52 0.44 
anvils (1) Re Sate ote \ 49.39 32.41 1.52 0.77 
IDOT fe ESTO WI casual stele, shogeus eens ioc sueaes ye suece 
Corpus Cbristin(]) ca vesctenr. sepnses 38.12 35.09 1.08 0.65 
LOA N22 (PA) gis, Gc cacy Ee ccd Dr Oe USS 6.06 64.41 0.09 0.12 
Fort es Nearer Bers Shah ctr cis,o08 21.60 46.90 0.46 0.34 
i MAMGELOLUY: aitets aie seetere Claret <cepe 4 
apna (ODN, a EPO etcaaia hee 51.84 44.06 ih aly 0.97 
Lee (CZ Da nid Gan uae stuns saden 32.97 36.25 0.91 0.79 
San AmeOniO Cl )iacrares ers ere oe cuereaeles 29.00 43.63 0.66 0.51 


Bol ENVIRONMENTAL CONDITIONS. 


ipitat } J tless season 

TaBLE 18,—Data of precipitation and evaporation for the period of the average frostles Ny 

for the year of Russell’s observation (July 1887 to June 1 888), and corresponding ratios 

of precipitation to evaporation, together with similar ratios derived by employing normal 
data of precipitation instead of those for this single year.—Continued. 


© , wes eh OD 9 re ax 
£225 | £2238 
cee se 
se eee ae P/E, 
+ 3 O a a5 oO 
Station. eases oe ota 3 p/E (From 
8 Als a nor table 11.) 
ka no > pe 
Ag 2+ op Oo 4 
4aHas | qe ape 
gee8 | 2286 
a im 
in in 
Utah: Salt Lake City (11)............. 4.32 5L7L 0.08 0.13 
Vermont: Northfield (105)............. 19.02 12.28 1.55 1.16 
Virginia: 
logan noni (CB) exncacncneoogouass 24.95 28.68 0.87 0.87 
INOGrfolk(92) Fei ettansnaiescet arene ios ieretoe 39.82 27.26 1.46 1.24 
Washington: 
INorth ead i(l9) penetra cies rereeleie ie 
Fort) Canby. <ineiate: cai eye ste micronaieks ceases \ EEE ct mh Lae 
OlympiaiGl9 eareeras tae cteien onic ie22 19.85 0.56 0.70 
Spokanes(20) masta nacre totter 11.28 33.80 0.33 0323 
Wallac allar(20)ircincls ce tercotnoeme Waod 45.87 0.16 0.18 
Wisconsin: 
Green’ Bay. (60)ma. occ aeetan rete 14.57 19.39 0.75 0.86 
ua. Crosse: (59) sire aco oe ites cree 18.67 21.97 0.85 0.94 
Milwatlkee’ (GO) tea. 2 cte eter steer: 17.63 19.11 0.92 0.87 
Wyoming: Cheyenne (24)............. 7.09 32.48 0.22 0.20 


The chart of plate 58 was prepared from these ratio values (p/E), the 
isoclimatic lines representing increments of 0.20. This chart agrees 
in its essentials with that of plate 57; the great eastern lobe of the 
semihumid region (values between 0.60 and 1.00) is here again apparent 
and the localized area of semiarid conditions, within this lobe, is more 
pronounced than in the former case. The arid region (values below 
0.20) is here indicated much as in plate 57, but the line for the value 
0.60, in the middle of the country, here swings farther westward at its 
northern end than in the other case. In general, it appears to make 
no serious difference which of these two charts is studied, since all their 
essential features are so nearly alike. 

Whenever agricultural climatology begins to receive attention in 
this country, and when evaporation observations are made for the 
period without frost, it will be desirable to prepare a chart similar to 
that of plate 58 for every year. Finally, a normal ratio value for each 
station may be actually obtained, after which the value for any par- 
ticular station and season may be stated by comparison with the 
normal for that station, just as is now done in the case of temperature 
and rainfall. 
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(4) Ratios or NorMat ToraL PRECIPITATION FOR PEeRiop oF AVERAGE FROSTLESS SEASON 
PLUS PRECEDING 30 Days, ro ToraL EvAporATION FOR THE SAME PerRrop, Juty 1887 
To JuNE 1888 (7/E). (Tape 11, Puare 59.) 

This form of the moisture ratio is based on the idea, already men- 
tioned, that some of the precipitation occurring before the beginning 
of the frostless season is effective to supply water for plant activities 
in the early part of that season. The numerator (P) of the first form of 
ratio has thus been increased, in each case, by adding to it the normal 
total precipitation for the 30 days just preceding the beginning of the 
average frostless season. This increased precipitation value has been 
termed 7, to distinguish it from P and p, so that the form of ratio here 
considered becomes 7/H. The values of 7 and EF, and those of 7/E, 
are given, for our list of stations, in table 11, the ratio values occupying 
the last column. 7 

The chart based on these ratios is shown as plate 59. The essentials 
of this chart are so nearly like those shown by plates 57 and 58 that 
no special comment is here needed. It may be noted, however, that the 
full line separating the humid from the semihumid zone is here taken 
as having the value 1.10 instead of 1.00, as in plates 57 and 58. 


(5) Ratros or NorMaL ToTaL ANNUAL PREcIPITATION TO ToTAL ANNUAL EVAPORATION, JULY 
1887 To JuNnE 1888 (P¢/Eq). (TABLE 15, Puare 60.) 


These annual ratios are derived by the method employed by Tran- 
seau. We have termed the normal total annual precipitation P,, and 
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Fira. 15.—Moisture zonation of the eastern United States, according to precipitation-evaporation 
ratio (annual), after Transeau. 
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oration values for year (normal precipitation values divided by evaporation values for’1887-8, from Russell); data from 
table 15, column 4. Full lines divide the map into four moisture provinces. 
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the total annual evaporation for Russell’s year, H,, so that this form 
of ratio becomes P,/E,. The values for both terms and for the ratios 
themselves are given in table 15, and the chart derived from the ratio 
values is here presented as plate 60. 

This chart has the same essential characteristics as those of plates 
57, 58, and 59, and it agrees, in general, with Transeau’s similar chart, 
which is here reproduced for comparison, as figure 15. It includes only 
the eastern half of the country. Since he did not publish the station 
data on which it is based, it is impossible to determine just wherein lie 
the discrepancies between Transeau’s calculations and our own. The 
agreement between the two charts is close enough, however, for present 
purposes. 

If the chart of plate 60 is compared with those of plates 57, 58, and 
59, the main difference is seen to lie in the fact that the line separating 
the humid from the semihumid zone, in the East, bends northward in 
plate 60, to include in the humid zone all of Mississippi and Alabama 
and parts of Tennessee and Missouri, which is not true for any other 
moisture-ratio chart of our series. 

(6) Ratios or NormaL TotaL PRECIPITATION FOR THE THREE SUMMER MONTHS, JUNE TO 


Avueust, To Tora, EVAPORATION FOR JULY AND AuGusT 1887 AND JUNE 1888, Ps/Es. 
(TaBLE 15, PuatsE 61.) 


As also in the case of the annual ratios just discussed, the duration 
factor employed for these summer ratios is the same for all stations; 
all represent the period of the months June, July, and August. The 
two terms and the ratio are shown, for each station considered, in 
table 15, the ratios occupying the last column. 

Plate 61 shows the chart based on these summer ratios. Here the 
zonation is different from that of the preceding moisture-ratio charts 
in several particulars. In the first place, the arid region (values below 
0.20) is here extended west to the Pacific and includes nearly all of 
Washington and Oregon and all of California, this difference from the 
preceding charts of this feature being probably related to the charac- 
teristic summer drought of California. The semiarid and semihumid 
regions indicated in the northwest are very restricted. Looking at 
this chart from any point of view, it is clear that the whole Pacific 
coast and the Pacific Northwest are characterized as far more arid for 
the summer months than for the period of the average frostless season 
or for the year. 

In the East, the most pronounced difference between this chart and 
the preceding ones lies in the fact that the great semihumid lobe pro- 
jecting eastward from the Plains is here shown as extending farther to 
the north than on the preceding charts. This suggests that New Eng- 
land and the states bordering on the Great Lakes are more arid for the 
period of the three summer months than for the other periods we have 
considered. 
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(7) Ratios or Toran PRecrrrraTion FoR 15 WEEKS IN THE Summer of 1908 ro Toran Evapora- 
TION FOR THE SAME PERIOD AND YEAR, THE Evaporation DaTA OBTAINED WITH THE 


CYLINDRICAL Porous-cur ATMOMETER 51908 /2 1908 ). (TABLE 17, PuaTE 62.) 


These ratios were obtained to accompany the evaporation and rain- 
fall data of 1908. The numerators and denominators and the ratio 
values are presented in table 17. The chart of plate 62 represents 
these ratio values, as well as the small number of stations will permit. 

It is to be noted at once that the values obtained by dividing inches 
of precipitation by cubic centimeters of evaporation have an entirely 
different order of magnitude from those heretofore considered, being 
very much smaller. In order to render these numbers more readily 
comparable with those used on the preceding ratio charts, the values 
from the last column of table 17 have all been multiplied by 10,000 
before employing them for the chart of plate 62. On this chart the 
humid zone is considered as having ratio values above 75, the semi- 
humid zone is characterized by values between 25 and 75, the semi- 
arid zone has values between 10 and 25, and the values representing 
the arid zone are all below 10. By this convention the chart before us 
appears to agree in a rather satisfactory manner with the other mois- 
ture-ratio charts. Like the chart for the three summer months (plate 
61), the arid zone is here shown as including the Great Basin, the 
Pacific coast, and most of the Colorado Desert. In the present case, 
however, the arid zone is extended northward, so that no semiarid, 
semihumid, or humid conditions are encountered in the extreme 
western part of the United States. The eastern margin of this zone 
lies farther west (except at the south, where it is farther east) than 
the corresponding margin on plate 61. In short, the arid zone of plate 
62 may be approximately obtained from plate 61 if we conceive that 
this zone on the earlier chart is simply extended northward, curtailed 
along most of its eastern margin, and extended eastward at its southern 
end. The line for the value 25 here corresponds with that for 60 on 
plate 61, indicating that the eastern margin of the semiarid zone here 
lies much farther west than in the other case. The semihumid zone, 
as shown on plate 62, appears as nearly cut into two portions by the 
great lobe of the humid zone that extends northward from eastern 
Texas, but its eastern projection is still as clear as on the other ratio 
charts, only this is displaced northward. This great eastern lobe of 
the semihumid zone here occupies the whole Atlantic region from 
southern Maryland nearly to the Canadian boundary, being thus 
also more extensive eastward than in the case of plate 61. The localized 
area of semiarid conditions is once more apparent in the region of the 
lower Great Lakes, being displaced northeastward from its position 
on the other ratio charts. Lack of stations in Canada brings it about 
that no humid zone can here be depicted north of the Great Lakes 
region; it appears simply to be displaced northward from its position 
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on the other plates. The separation of this eastern humid region into 
a northern and a southern portion, indicated on all the ratio charts, is 
here much more pronounced than in any other case. The northern | 
portion is here indicated as occupying eastern Maine, while the south- 
ern portion extends from eastern Texas to southern Maryland, reach- 
ing farther inland than in any of the other cases, especially at its 
southeastern extremity, where its great northern lobe reaches southern 
Minnesota. This lobe appears here like an exaggeration of the similar 
but smaller lobe shown on the chart of plate 60. It is thus seen that 
plate 61 differs from the other ratio charts only in relatively minor 
details, the main essentials being about the same. 
(8) CoNcLUSIONS FROM THE STUDY OF THE PRECIPITATION-EVAPORATION Ratios. 
The results of our study of the various forms of Transeau ratios 
- above described lead clearly to the conclusion, which is in full agree- 
ment with that reached by Transeau from his first use of this ratio, 
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Fie. 16.—Moisture zonation, according to precipitation-evaporation ratio (period of average 
frostless season). Moisture provinces: Humid, more than 100; semihumid, 60 to 100; semi- 
arid, 20 to 60; arid, less than 20. (See also Plate 57.) . ‘ 


that we have here a climatic index by means of which the zonation of 
the country with regard to moisture conditions may be clearly shown. 
As will receive emphasis later, the climatic zonation thus brought 
out is closely paralleled by certain prominent features of the zonation 
of vegetation types, and there is little room to doubt that this division 
of the country into moisture-ratio provinces will be of very great value 
in the study of climatology with reference to agriculture and forestry. 
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Our charts represent the country as divided into climatic provinces, 
which may be conveniently considered once more as (1) humid, (2) 
semihumid, (3) semiarid, and (4) arid. The following general descrip- 
tion of these areas will serve to summarize the descriptions of the 
separate charts. Reference may be made to figure 16, which is de- 
rived from plate 57. 

Three humid areas are apparent, one in the Pacific Northwest, a 
second in the region of the Great Lakes and northern New England, 
and a third in the Southeast along the Gulf of Mexico and the Atlantic 
as far north as northern New Jersey or southern New England. The 
last two humid provinces are nearly continuous, and may be repre- 
sented as such by charts drawn from certain forms of moisture ratio 
or from data of certain years. Our plate 60 shows them as continuous 
by a narrow belt that embraces about the southern half of Delaware 
and the eastern half of New Jersey. 

The two semihumid areas are irregular in shape. The eastern one 
occupies all of the country not included in the humid area and east of 
about the one-hundredth meridian of west longitude. The.western 
semihumid area occupies a rather narrow strip of country east of the 
western humid province and extending southward along the Pacific, 
south of that province, to about the middle of the California coast. 
These two areas are almost surely joined at the north, in Canada, 
though this point is not actually demonstrated by any of our data. 

The semiarid area appears to be made up of an eastern and a western 
portion, joined together at the north. The eastern portion extends, 
approximately, from the one-hundredth meridian westward to the 
Rocky Mountains and to the San Francisco Mountains of the Arizona 
Plateau. Its eastern boundary appears to cross the Rio Grande some- 
what southeast of El] Paso. In its northern part this eastern semiarid 
region apparently broadens westward and extends through the lower 
passes of the mountains to Washington, where it joins the western 
portion of the same region. This western portion lies east of the 
western semihumid area as above described and extends southward 
to the Mexican boundary, along the coast of southern California. 
From Washington to Lower California it is a rather narrow belt. 

The arid area occupies the intermontane region of the West, extend- 
ing from the Rocky Mountains to the Sierras and from southern Cali- 
fornia and Arizona to Idaho and southwestern Washington. It is thus 
surrounded, on three sides within the United States, by the belt of the 
semiarid area. 

Of course, it is understood that all the higher mountain ranges are 
to be considered as belonging to the humid area, at least in their upper 
portions, and that such high mountain masses are surely each bordered 
by a zone of semihumid conditions when they lie in an arid area. No 
attempt is here made to consider the innumerable small areas of 


4 


344 ENVIRONMENTAL CONDITIONS. 
humid, semihumid, and semiarid conditions included in the arid, 
semiarid, etc., areas as above described. A detailed moisture-ratio 
chart of a single county in Arizona or Nevada would doubtless be 
vastly more complicated than is any of our general charts for the entire 
country. 

D. AQUEOUS-VAPOR PRESSURE. 


(1) PRELIMINARY CONSIDERATIONS. 


The pressure of aqueous vapor in the air should be an index of the 
relative influence of the air (aside from its rate of movement) toward 
the retardation of evaporation from wet surfaces. Roughly, this 
index should be somewhat nearly inversely proportional to the evapora- 
ting power of the air, disregarding the wind factor. This is, therefore, 
a climatic dimension the measurement of which should be valuable in 
studies of the relations between plant activities and environmental 
conditions. 

The vapor-pressure data for the United States, for the years 1873 to 
1905, have been reduced to a system of homogeneous monthly and 
annual means by Bigelow (Bull. 8., 1909), and these means have fur- 
nished the basis for our work in this connection. We have employed 
(1) the normal mean vapor-pressure for the period of the average frost- 


_ less season, and (2) the normal mean annual vapor pressure. 


(2) Norman Mzan Aqurous-VAPor PRESSURES FOR PERIOD OF AVERAGE FROSTLESS SEA SON 
‘ (Tas 19, PuatE 63.) 

\ The indices here employed were derived from the monthly means 
of Bigelow, in the way already described for such cases. Our results 
are given in the last column of table 19, and plate 63 represents them 
graphically. 

Taste 19.—Normal mean relative humidities, for the year and for the period of the average 


frostless season, mean relative humidities for the three summer months, 1908, and normal 
mean vapor-pressures for the year and for the period of the average frostless season. 


Mean relative humidity. Mean vapor-pressure 
of water. 
Station. For period | For June, For period 
of average} July, and of average 
Annual. frostless August Annual. frostless 
season. 1908. season. 
Alabama: p. Ct. p. ct p. ct inch inch 
Birmingham's & tracmsencis. sera neha ea eee enero CAC Se ee ae eH, 
Mobiles tines Gout Leen 80.6 78 0.530 0.599 
Mont omenya nee 72.4 G13 71 457 553 
Arizona: , 
Plaga tath joc oihi sacri aiaes eee ate Pace ae Oe cea eee MES ieee cis 
Phoenix: or n0 ee eee 38.7 36.3 35 275, 0 ae cose 
"Yurodiiet aa a ne eee 11, Gc tie leeees 45 .384 ee 
Aaa ING PSION ES ae ae aaa ae ee 
PLOT GST h ere tte eee 70.6 70.8 75 399 
. ‘ 2 5 
LittleRock:cis sateen or cee 72.8 Re: 74 .424 ee 
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TABLE 19.—Normal mean relative humidities, 


frostless season, 


mean vapor-pressures for the y 
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for the year and for the period of the average 
mean relative humidities for the three summer months, 1918, and normal 
ear and for the period of the average frostless season.— 


Continued. 
Mean relative humidity. Mean vapor-pressure 
of water. 
Station. For period | For June, For period 
ae) of average| July, and anal of average 
. : frostless August i frostless 
season. 1908. season. 
California: p. ct. p. ct. p. ct. inch. inch. 
IU OLKA So rahnccd Be stilt a catustes 86.8 87.5 89 7O20 348 
BYES OT yes Berea ee estat oe 57.2 48.9 30 Oath 4 .279 
Independence............... 29.7 2256 250) Lae Masa OES lds ee Rey aces 
IboseAMerelean 204 eee. <iasecve & CLG PP 74 .367 .378 
WVSC pis tithcememet. sees cise 48.1 49.9 36 281 . 296 
DSAEKAMMIENLO! Wee kha sale ercle lL 66.7 62.8 INS) .324 347 
SAE CC Opera ete cae ts’ (ES eer cS SOOO eee aye eee 
DATENIMATICISCOM aie ats oon. aise s « 79.9 80.0 83 .340 .348 
Sanwiliis © DispOn, sn .1 ts oe 69.0 69.9 THe .314 .335 
Colorado: 
Denivercenmeancrte Merete she, Pees 48.7 46.7 54 7185 285 
TO aSEaiayere Ue Ay on a See ge Ate ee ree |e ee ae ae DOO Nellie Riacyehy «Alte capac 
Grice se nlOleene Aen eee olf 5 sarees |e aro, Ree 3 OME ia ecaa ey vil seen veneers 
ie blOmee reece ciniceie-< ceoe oe 48.1 45.8 47 al YECEL 274 

Connecticut: 

BEN 200: Gh Tee) eae pect A rhe eee eA huh Soe anaes, ON wears Ularaies Ld eMail ec earn a ertl| aece catalase eke 
INGWy FIAVEDias scien oe aie tae og 75.9 TORS 2, .298 .447 

Florida: 

TACKSON Vill Gates ose) hetatences ousi.© 79.5 76.8 85 BOD! . 604 
MUL LGEL ON eeiel se orac Seis aie aes = 80.5 80.5 84 . 664 .692 
WKS yA OSU acpkers Sot ta ikel hors a oye fade Mell Ue . 707 Ou 
HP ONISAC OLAS pane ster ia ois, sce leiel ss 78.3 Thee ices ke .549 .610 
AMA Coat Pog 2. SS Ate SI sree 80.5 80.4 80 .592 612 
rgia: 

Spe al BAe Rn CSS ee R rade ck -2 (2 71.0 76 .896 503 
PAUL ONES EAA Sekt Sale io ote nan Gerd ses 73.4 73.8 79 .450 565 
Savannalieens se 4, aac che ee got 78.5 79.0 81 514 600 
AS OMIAS VEO cece Senet toe hol lin, ake eetiae, oe | aes es SDA” Miia e wese tec izebomorewsea ch 

ee Rae nae onan aia aE hake Re aa, s 5 56.7 45.6 42 209 . 262 
HO OGRUGL OMe nets ote cierieee walls o Gave oie So ol '= «tS rawr tees AG te Nite ee: Vai || ins Pox tne tere 

Illinois: 

CAILOR Renee eros aie eras 5 74.2 iso 74 .890 534 
CONT CAG O Sete coeter 2.6 « ftarons alam net ys 74.8 ie: ie . 286 423 
GUID TE ee ee irae aca ne © Dace, s leet canines DMD |e ect ar ars a [teeter eae (Oe 
See ogra el eee eee 71.4 69.0 65 Pon ice 
Indiana: Indianapolis.......... 69.2 65.6 63 .310 4 
Iowa ; OF oa 7 
AT LAE CLGY ASP ates | 8 sii ives aes Seta euans i de y'lidcaletdvelodepatevelltatias acetone a 
<a iy eet rake ee 12:6, 68.5 a . 290 tae 
Mes MOMESa ch age adie wt & Fs Al 68.5 743 . 285 es 
UD UGUC sane acre ciersies 3 nese. ss 75.0 70.7 70 PUBS 5 
Reo kettle cia steers ree oe acer 2s W220 64.5 72 313 .458 
Sioux Cibyaeee case ese es oe 69.0 GEIL HIS EE oronnener cl SiGe ks CIDER penance cea 

Kansas: 

CONCOTGIA ec tenes ae a ase 68.6 66.3 74 ; ae 4 ri 
(Dodee Citye vst acacene soe 66.9 62.9 69 ae ae 
NVVAGHL tata titre © shore ens.0o Sy enoXe Clot 66.0 71 roe ‘ 

Kentucky: 

iT OLOTLA IR is east. «50 70.1 GOO? tlie ctelens ees .328 .466 
(oaiecitte ss iC as ee em 67.5 65.6 64 340 476 
Bene hiss Sa A ORO tithes 75.9 80 .545 .585 
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Tapie 19.—Normal mean relative humidities, for the year and for the period of the average 
frostless season, mean relative humidities for the three summer months, 1908, and normal 
mean vapor-pressures for the year and for the period of the average frostless season.— 
Continued. 

eRe ee ee ee ee 

: fae Mean vapor-pressure 

Mean relative humidity. Pi alee: 

Station. For period | For June, For period 

of average | July, and of average 
frostless August frostless 
season. . season. 


Louisiana—Continued: . ct. p. ct. 
Shreveport ; 72. 
Maine: 
81. 
78. 
Maryland: 
Baltimore 
Washington, D. C 
Massachusetts: 


Grand Rapids 

Marquette 

Port Huron 

Sault Ste. Marie 
Minnesota: 


Mississippi: 
Meridian 
Vicksburg 

Missouri: 


Kalispell 
Miles City 
Nebraska: 


Nevada: 
Carson City 
Tonapah 
Winnemucca 
New Jersey: 
Atlantic City 
New Mexico: 


1 Reno instead of Carson. 
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TasiE 19.—Normal mean relative humidities, for the year and for the period of the average 
frostless season, mean relative humidities for the three summer months, 1908, and normal 


mean vapor-pressures for the year and for the period of the average frostless season.— 
Continued. 


ee eee 


Mean relative humidity. Mean vapor-pressure 


of water. 
eke For period | For June, For period 
of average | July, and of average 
Sanual. frostless August Annual. ie 
season. 1908. season. 
New York: Dict. p. ct p. ct inch. inch 
PAID ANY ein w 5 cseenis ws afeitiers « 76.2 74.0 68 284 405 
Di alOenerAciee ss ee ees 73.4 71.6 72 271 414 
ING Wi NOs riots atcictclc cicietes vs 13.2 73.3 69 314 433 
OB WOROlc ateee ctioass ations: 75.8 73.4 72 270 408 
Rochesterncm. nies tice ae ete 73.4 70.4 67 267 410 
North Carolina 
PAI CVALIG aerate ater te atohe ctote- oe tales are GE so crak ePrice SB By alll scree ons | eee ae 
Gharlotiadacacs: 22 seston so. (gloat relns) 78 382 500 
PERE GUONAB craps cetmcisit ceiver at sites 82.9 82.7 86 484 573 
SG lyin A wilceptene cian9e ees cteet Ie SOR gem | Sesh teers 2 eeunmmtte lk etna in aR pes eee 
Rallcrmieeewoe re sere ee Scores, © 73.8 74.6 78 394 527 
Viitibeehbotsg. 000. ee ar 80.1 80.9 82 471 588 
North Dakota: 
ISM Are ke carter rate essere loess, « 69.9 65.8 64 206 377 
Wewils Nake se eared eto eas bile Shee 2 eee tate ete ase 2 Rrra ss eee eee 
NAD Ty os ys 2 ae ies a re a 68.8 59.7 60 184 334 
Ohio: 
WintCinNAatieee seceses cess ss 6 69.0 65.8 60 325 459 
Cleveland weser..d- dee ss cits s 72.9 70.9 68 290 414 
GWoluim bust ae tts eh cate c > 72.6 68.9 66 805 442 
Sarnditsk ya wee oes ecse os eehe s 74.4 COR TAP ceca 294 423 
Moledomnd sen A tea cokers » (AY) 69.9 67 290 440 
Oklahoma: 
Olishoms. enn sccee syelowicle 69.8 68.7 75 . 3861 494 
Oregon: 
Baler Cityeiene 6 < sats sieveitiers.s 60.7 49.3 54 Sigh} 236 
Portland Wan nse sein w 3acs oe 250° 75.5 71.4 67 . 293 329 
TRROSCDULE Fe clowincicaie cen oye es .2.2 (EGP loco een 63 . 282 323 
Pennsylvania: 
UTIGh witches cele C8 ales, © wee 3 75.5 72.6 66 286 416 
IEP ARTISUUT ES Weiie.c > cc cle sp eles «+ 73.5 72.0 GO eae eye rece ost o Weta deareie ters 
Philadelphigice veests oeicre eel o.¢ 70.3 69.8 67 322 450 
PASTS OUTS Dicteteleseceteye rete: oye eee oe G22 69.3 65 312 455 
BELAULOTaectetters + cists era stereos ors | orc cate Ba abt pnoddiny@oseiy biatal an GG rege epeeysterecs rots | aetetaic tae: 
Rhode Island: 
‘Block: (sland Me ners eters so suet s 81.2 84.0 85 .320 .428 
IPROVIGLELL OG terre tees ie eroticy crane SCR ot or os pieanai| Olena ous cra derets LOR” MOU aaa eierahe cial niseireteree ts 
South Carolina: 
@harlestone mescaline <6 78.0 78.2 80 .511 .586 
Goluinbiae cee oe tierce ble os [fsueloimaie etic. |lere eve ato wears (hice Wha cee cect to ta leees Cre Gen chtue 
South Dakota: 
MELLON eater te tevoolekeseve a apa areto,.3. 2,3 70.2 65.2 75 . 229 415 
PPICITG ion teryol es cxcioneve sneha") elope es 64.7 57.6 60 219 370 
USN LUM af aciecstye ee iereieece 59.8 53.2 61 197 322 
DVanictOn eo acas corte tare cree 70.4 OTS nae tices’: 262 454 
Tennessee: 
Ghattanooganewiccs. aetna. G2 72.8 72 391 520 
KMNOxvVillOet osoec setes.ccis see 73.7 (sare 75 374 505 
Mem phigmameretal isla sce stetae er (aes 71.3 76 417 545 
Nashville spettras aicocxevssee 70.7 69.1 74 379 513 
Texas: 
Diistere We A SENG eo ees one 63.9 62.6 65 369 456 


enn pene ee ee eee |e ee ee SS 
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Taste 19.—Normal mean relative humidities, for the year and for the period of the average 
frostless season, mean relative humidities for the three summer months, 1908, and normal 
mean vapor-pressures for the year and for the period of the average frostless season.— 


Continued. 
: ee Mean vapor-pressure 
Mean relative humidity. SE water. 
Station. For period | For June, For period 
of average | July, and of average 
Annual. frostless August Annual. frostless 
season. 1908. season. 
Texas—Continued: p. ct. p. ct. p. ct inch... inch 
Armarillo ten tac. ae cen 59.3 59.4 68 . 262 373 
CorpusiChristisncae meee etc 82.1 81.9 80 .618 675 
ISPasOwe eee eee. 38.8 37.0 43 . 243 300 
Galveston etree etenee aaa 85.2 80.2 74 .595 622 
Palestine a, cemicee cae eee 73.8 Gane 78 467 569 
SaneAntoniosee-t ieee ere 66.6 66.7 7B 472 540 
Utah: 
SaltllakesCitvaeereieereee ele 52.8 40.9 45 193 250 
Vermont: : 
INOrthfiel diver. aac et ainiele iano 78.1 86 . 239 423 
Virginia: 
J Opigavel ello ey ance oy obvi nnook ey 72.8 77 . 356 .498 
INGE Oley niteter ee teene. ie erecta 78.6 79.1 79 410 525 
Wytheville oe Sccesrave colo | Shetave ate) herent Ste reusteorenete 90 2 4 +] Sane eeee | ae 
Washington: 
Seabee cman: anion 76.2 @3.6 75 . 286 .318 
Spokane aise steantsteten nie are 64.0 52.9 46 209 253 
STAC OMB eet 27s hoe sere ape tar's hates) eae coneeeteratics| oneal erene Mette 135 213A oe et eee 
‘atooghy lalandace.-cs.,< oie | aeateet eee here | oie = eee 89 304 328 
\WiallaWiallamecs.s-apee teeies 64.8 54.6 46 250 297 
West Virginia: 
PINS yeh oetetoratciia dtcaxterstartees spares araeeers | tert ame erate S38) 08S. ladekie et See eee 
arKersbuLe ery oeP nee Wont 73.2 73 ool 482 
Wisconsin: 
GreangBayce ore aoe ee 74.0 70.6 69 .245 .407 
bal: Crosse tere oie oie setters a2 GOR y eae eee ae 266 .438 
IME RESO Mee persis eee ate ee Ace cicecon es oa Sacer CALS) Wyle eee ect cello See ee 
IMilwatkeeruerypenene site. 74.9 72.6 71 265 420 
Wyoming: 
Cheyenne tekst ae sepeiets aise 53.7 52.9 61 163 274 
Wander sseecacrtcnccas ts cso se 57.8 47.9 58 153 253 
SHeri1 dam ates toy.c a scresd tne eredole'| rane. eienate aercl| hereon eterets G62. 61) ka omceelle fe eee 
“Yello wWStOn Gxrok cen det ate ore earch a eee | aire ee 61 ER CLEC 


The chart of plate 63 is markedly different from any of the moisture 
charts heretofore considered, excepting that it somewhat resembles 
some of those for precipitation. It is not very similar to any of the 
temperature charts with which we have been concerned, but it appears 
to partake of the general characteristics of both temperature and 
moisture charts. In the East the zonation here shown is markedly 
similar to that for temperature, the isobars having generally a west- 
east direction. Each of these lines, however, is seen to bend rather 
sharply southward in the middle of the country, so that the region 
west of about the ninety-eighth meridian of west longitude is generally 
characterized by isobars that have a north-south trend. The western 
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mountainous region, west to about the middle of Washington, Oregon, 
and California, is shown as an area of low vapor-pressures (below 
0.300 inch), this area apparently extending a little into Canada at 
the north, but not reaching the Mexican boundary at the south. The 
whole Pacific coast region is shown as having very low values (mainly 
between 0.300 and 0.350 inch), about like those of the region of the 
one hundred and third meridian, in the plains area. Southern Florida 
has the highest values, that for Key West being 0.707 inch. 


(3) Normat Mran Aqurous VAPOR-PRESSURE FOR THE YEAR. (TasBie 19, PuLatEr 64.) 


The means here used are taken directly from Bigelow’s tables. They 
are reproduced in the fifth column of table 19 and are shown graphi- 
cally by the chart of plate 64. 

The zonation shown by this chart is so similar to that of plate 63 
that no special discussion is here needed. Neither is it necessary to 
derive any generalization from these two vapor-pressure charts, since 
the discussion given for plate 63 brings out all the points that might 
be mentioned in a generalized statement. 


E. RELATIVE AIR HUMIDITY. 


(1) PRELIMINARY CONSIDERATIONS. 


Data of relative air humidity, obtained by means of stationary or 
whirled wet and dry bulb thermometers, have been accumulated for 
many years at the various stations of the United States Signal Service 
and of the United States Weather Bureau. These were brought 
together by Stockman,’ as monthly and annual means for the period 
1888-1901, for 130 stations. Stockman’s means are stated to have 
been “‘derived from observations made at 8 a. m. and 8 p. m., seventy- 
fifth meridian time.’”’ They form the original source of our studies of 
humidity in the United States. 

The theoretical inadequacy of data of relative air humidity in char- 
acterizing climate is tacitly suggested by a brief but well-chosen state- 
ment with which Stockman prefaces the table above referred to. He 
Says: 

“The relative humidity furnishes no direct indication of the absolute amount of mois- 
ture in the air. For purposes of comparison consideration should be given to the fact 
that as the temperature is lowered the capacity of the air to retain moisture is decreased. 


Of two stations having the same average percentage of relative humidity, but different 
mean temperatures, that station which has the higher mean temperature will have the 


greater amount of moisture.” 

We have already emphasized the fact that vapor-tension deficit 
appears to be the climatic feature which should be recorded in con- 
nection with air humidity, this being the difference (in pressure units, 
as bars or as millimeters of a mercury column) between the maximum 


13tockman, W. B., Temperature and relative humidity data, U. 8. Dept. Agric., Weather 
Bur. Bull. O: 25-29. 1905. 
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vapor-pressure of water for the given air-temperature and the actual 
vapor-pressure of water in the air. As has been pointed out, this 
deficit should be an index of the relation of air humidity to evapora- 
tion; it should measure that portion of the atmospheric evaporating 
power for any given time, which is not related to wind-movement. 
The arguments of air-temperature and air moisture-content are thus 
combined in a single function, which becomes the more significant 
when it is pointed out that different parts of the country do not 
generally differ very markedly in relation to wind. The terms from 
which the vapor-pressure deficit might have been obtained were at 
hand when the relative humidity observations were recorded, but it 
is not possible to deduce them from the recorded percentages, espe- 
cially since Stockman’s published data have been reduced to normal 
monthly means. It is readily seen, however, that the higher the 
temperature (i. e., the farther south is the location of a given station), 
the more a given percentage of relative humidity is to be discounted, 
as it were. Thus, if a northern and a southern station (as Duluth, 
Minnesota, and Little Rock, Arkansas, for example) agree in having 
the same normal mean relative humidity for the period of the average 
frostless season—say 72 per cent—we are perfectly safe in concluding 
that the normal mean evaporating power of the air at the southern 
station is greater than at the northern, supposing the air-movement 
to be alike in the two cases. But it is not possible in such a case to 
weight the humidity records in a quantitative way. 

Before proceeding to our results in this connection it is necessary 
to mention one other very important point, which requires s 
attention from climatologists who hope to relate climate to plant 
activities in a detailed way. As has been stated, the humidity data 
of Stockman’s table were derived from observations ‘“‘made at 8 a. m. 
and 8 p. m., seventy-fifth meridian time.” This is the regular practice 
of the United States Weather Bureau in dealing with humidity, and it 
will be seen that the longitude of a station determines the times in 
its day when observations are to be dbtained. Thus, the observations 
for any day at North Head, Washington, come to us as though they 
were made at about 4° 40™ a. m. and p. m., while those for a day at 
Eastport, Maine, are to be similarly considered as made at about 
S30 tat m. and p.m. Now, humidity alters very rapidly, in most 
cases, during an hour or two about sunrise and about sunset, and the 
morning observation on the Pacific coast is usually made well before 
sunrise, while that in the northeast is made well after sunrise. A simi- 
lar consideration applies to the evening observations. It is clear that 
neither the morning observations nor the evening ones, throughout the 
country, represent the true humidity conditions for the given date 
and it remains to be determined what the mean of these two percent- 
ages may denote. The question is, simply: Can the humidity con- 
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ditions for any day be as well derived from observations made, say, at 
5 a.m. and 5 p. m. as from those made at, say,8 a. m. and 8 p. m.? 
When vapor-pressure deficit attracts the attention it deserves the same 
problem will arise in connection with it, and then the local times of 
observation will have to be seriously considered before the data may 
be regarded as quite suitable for studies involving plant transpira- 
tion and other ecological or agricultural features. 

On the whole, it needs to be borne in mind simply that the moisture 
conditions of the air deserve as much attention as do its temperature 
conditions, if agriculture and ecology are to employ climatological 
results. Our aim in the above paragraphs has been, not to point out 
what might or might not have been done in the past, which can not 
now be changed, but rather to emphasize what seem to us to be the 
needs of ecological and agricultural climatology for the future. 

We shall deal here with three kinds of indices of relative humidity: 
(1) the normals for the period of the average frostless season, (2) for 
the year, and (3) the means for the three summer months of 1908. 


(2) Percentaces REPRESENTING NoRMAL Mean Reuative Air Humipiry ror THE PpRIOD 
OF THE AVERAGE FRosTLESS SEASON. (TABLE 19, PLaTE 65, AND Fia. 17. 


The data here employed were derived from the monthly values 
given by Stockman (1905), by the same general method as we have 
heretofore resorted to in obtaining indices for the period of the average 
frostless season from monthly normals. Our values are given in the 
third column of table 19, and they are shown graphically on the chart 
of plate 65. 

The chart of plate 65 shows that the relative humidity values are 
high (above 75 per cent) for the Pacific coast region and also for the 
Northeast, East, and Southeast. The lowest values (below 40 per 
cent) are found in the arid southwest. As a whole, this chart resem- 
bles the charts of precipitation-evaporation ratios (plates 57 to 62), 
and certain lines are here shown as broader than the others, to bring 
out the division of the country into climatic provinces, as was done on 
those charts. The arid region may be characterized as having relative- 
humidity percentage values below 50, the semiarid region shows values 
between 50 and 65, the semihumid regions show values between 65 
and 75, and values of over 75 characterize the humid regions. In this 
case the northwestern humid area is extended southward, along the 
Pacific coast, to middle California, and the adjoining semihumid area 
extends to the Mexican boundary. The semiarid region extends east- 
ward to about the hundredth meridian of longitude, somewhat farther 
at the south and not as far at the north, thus agreeing, in general, with 

1The hours of temperature observation in the United States have been very thoroughly 
studied, in relation to the daily means derived therefrom, and several important considerations 
bearing on the readings of the dry and wet bulb thermometers have been taken up. In these 


connections see Bigelow, 1909. Alsosee O. L. Fassig, Report on the climate and weather of Bal- 
timore, Maryland Weather Service 2: 29-312, 1907; especially pp. 152-158. 
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plates 57 to 62. This relative-humidity chart also agrees, in general, 
with the moisture-ratio charts just mentioned, by showing an east- 
ward projection of the semihumid area from Nebraska to New England. 
The eastern humid area occupies the Gulf coast from the Rio Grande 
eastward, practically all of the Atlantic coast (excepting northern 
New Jersey and southeastern New York), northern New England, 
northern New York, and northern Michigan. In its northeastern 
portion this chart resembles that of plate 61 more than any of the other 
moisture-ratio charts. 

(3) Perncentacrs Representing NormMat Mzan Retative Arr Humipiry FoR THE YEAR. 

(TABLE 19, PLATE 66.) 

Our data for this index are taken directly from Stockman’s table. 
They are reproduced in the second column of table 19, and are repre- 
sented by the chart of plate 66. 

This chart also shows a pronounced general agreement with our 
charts for the Transeau moisture ratios. The general zonation of the 
country is again shown by broad lines, but the lines for the value 65 
on plate 65 are here represented by those for the value 70. The semi- 
arid region is here thus characterized by values between 50 and 70, 
and the values for the semihumid region lie between 70 and 75. The 
line for the value 72 has been added in the central part of the country, 
to emphasize the eastern lobe of the semihumid area (shown also on 
plates 57 to 61 and on plate 65). An area of values a little below 70 
is shown about St. Louis, Louisville, and Indianapolis, thus differing 
from plate 65, but agreeing, in general, with plates 57 to 61. The 
eastern humid region is here shown as much like that of plate 65, but 
the line for 75 here lies considerably farther south in the regions of the 
Great Lakes and of New England. In this respect plate 66 resembles 
plates 57 to 60 more than plates 61 and 65. 

(4) PeRcENTAGES REPRESENTING Mupan Reuativse Air Humipiry ror JuNn, JULY, AND AUGUST 
1908. (Taste 19, PLaTE 67.) 

The data for these indices were obtained from the Monthly Weather 
Review for 1908, the means for the three separate months being simply 
averaged in each case. The results are given in the fourth column of 
table 19 and are charted in the usual way in plate 67. 

This chart has the lines for the index values 50, 70, and 75 repre- 
sented as full lines, to exhibit the general zonation of the country, just 
as in the case of plate 66. The northwestern humid area (values above 
75) here extends southward, along the Pacific coast, nearly to Los 
Angeles, California, and the corresponding semihumid area reaches to 
the Mexican boundary. The arid area is depicted in much the same 
way as on the other two charts of relative humidity, but is not quite 
as extensive here as in the other cases, this being due, no doubt, to the 
effect of the characteristic summer rains in western Texas and New 
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Mexico. Instead of completely surrounding the Rocky mountains, 
as in the other two charts, this zone extends eastward only to these 
mountains, but there is here a small local area of values of 50 or below, 
indicated by the data of Santa Fe, New Mexico, and Pueblo, Colorado. 
The eastern limit of the semiarid region (70) is here placed about the 
99th meridian and this line has nearly a north-south direction. The 
region here called semihumid, in the east, is somewhat restricted in 
this case, but shows a very large eastern lobe, reaching from Nebraska 
to Maine. The localized area of semiarid conditions within this lobe 
is here very large, extending from Minnesota and Illinois to Maine. 
It will be remembered that the area in question is not shown at all on 
the humidity chart for the period of the average frostless season 
(plate 65) and is represented as much smaller on that for the year 
(plate 66). The eastern humid region is here exceptionally wide in 
the southeast and is narrowed at the north, somewhat as on the chart 
for the moisture ratio for the year (plate 60). 

This chart of relative-humidity values for the three summer months 
of 1908 was prepared for comparison with the chart of evaporation for 
a similar period of the same year (plate 56). The stations for the 1908 
series were not numerous enough to give a satisfactory chart, but these 
two charts agree, in a general way, in showing the great eastern exten- 
sion of the region of semihumid and semiarid summer conditions, from 
Oklahoma to northern Michigan and New England. For details, the 
two charts can not be compared. 


(5) GENERALIZATIONS FROM THE THREE CHARTS OF RELATIVE Humipiry VALUES. 
(PLates 65 To 67, AND Fic. 17.) 


The main points brought out by our study of relative humidity values 
may be briefly summarized as follows, reference being made to figure 17, 
which is derived from plate 65. The country may be divided, on the 
basis of relative humidity—as on that of other moisture features—into 
four humidity provinces, which may be termed arid, semiarid, semi- 
humid, and humid. 

The humid relative humidity province occupies: (1) western Wash- 
ington and Oregon and a variable portion of the California coast 
region (depending on the form of index employed) ; (2) the whole of the 
Gulf coast region and that of the Atlantic coast as far north as Long 
Island or Massachusetts; (3) northern New England and New York 
and a variable portion of Michigan, Wisconsin, and Minnesota. It 
appears probable that portions (1) and (3), as just defined, are con- 
tinuous through Canada, so as to form a single northern humid region. 
The southeastern portion (2) appears to be quite cut off from the 
northern one, but only by a narrow neck. The semihumid province 
lies just interior to the humid one, being very narrow in the Northwest 
and West. The eastern and western portions of this zone, as shown on 
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these three charts, are probably continuous in Canada, to form a single 
zone. In the eastern half of the country this zone occupies all of the 
interior, as far west as about the hundredth meridian of west longitude. 
The semiarid province embraces the Great Plains and a belt lying east 
of the western semihumid zone. Finally, the arid province occupies 
the region generally known as arid, extending approximately from 
Arizona to eastern Washington. This zonation is in general agreement 
with that shown by the precipitation-evaporation ratios. 

From these considerations it appears quite clear that the data of 
relative humidity, as here employed, furnish an exceedingly valuable 
and rational climatic zonation of the United States. This may be taken 
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to 65; arid, less than 50. Numerical values represent percentages. (See also Plate 65.) 
as satisfactory evidence that the theoretical objections to the concept 
of relative humidity and to the usual manner of its employment are 
not serious enough to prevent this method giving a clear zonation that 
generally agrees with that obtained from the precipitation-evaporation 
ratios as we have used the latter. It seems hardly probable, however 
that detailed studies of the annual march of climatic conditions as 
related to plants may be as well served by these data as by those of 
ee deficit, evaporation, and the precipitation-evaporation 

io. 

Considering the fact that data from 14 years of observations are 
here employed, and that many more years are now available, so that 
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much more satisfactory charts might probably now be made, it appears 
that these charts of relative humidity must be regarded as perhaps 
the most valuable of all air-moisture charts with which we have been 
able to deal in a practical way. 


F. WIND. (TABLE 20, PLATE 68.) 


Wind influence upon plant growth occurs in several ways, the most 
generally important of which is probably effective through increased 
transpiration. As has been emphasized, air-movement is very influen- 
tial in determining the evaporating power of the-air, which, in turn, 
is the main external condition governing the transpiration-rate as well 
as the rate of water-loss directly from the soil-surface. This influence 
depends upon the velocity of air-movement. Strong winds tend to 
break plants as well as to dry them, but this feature of wind influence 
appears to be of importance to vegetation only in relatively restricted 
areas. If wind were to be studied in this regard, it is very high wind- 
pressure and its duration that would require attention. The direction 
of the wind, so important in weather predictions, is of no importance 
to plants in general. If the ecology of individual plants or small 
groups is to be studied, then wind direction may sometimes become 
important. 

Wind as a climatic condition influencing vegetation may be con- 
sidered: (1) in terms of its average velocity—perhaps the most useful 
wind-dimension as far as the evaporating power of the air is con- 
cerned; (2) in terms of its maximum velocity and the duration of very 
high rates of air-movement; and (38) in terms of the maximum pres- 
sure developed and the duration of very high pressures. The United 
States Weather Bureau has accumulated anemometric data for many 
stations in the United States, and we have employed some of these 
data to prepare a chart of average wind-velocities for the period of 
the average frostless season. The data employed are as yet unpub- 
lished, but have been very kindly furnished us by Professor P. C. Day, 
of the United States Weather Bureau. They consist in a table of 
average wind-velocities (in miles per hour) for each month of the year 
and for 151 stations, based generally upon the 20-year period 1891-— 
1910. For each of these stations the average wind-velocity has been 
calculated for the period of the average frostless season, as in the other 
cases where monthly averages were used in deriving means for the 
frostless season. The results of our computations, together with the 
annual average velocity in each case (obtained from the records of the 
United States Weather Bureau) and the height above the ground of the 


anemometer are given in table 20. 
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Taste 20.—Average wind velocities for the year and for the period of the average frostless 


ENVIRONMENTAL CONDITIONS. 


season, usually from records for the period 1891-1910. 
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TABLE 20.—Average wind velocities for the year and for the period of the average frostless 
season, usually from records for the period 1891-1910.—Continued. 
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The average wind-velocities for the period of the average frostless 
season, given in table 20, are presented in the form of a chart in plate 
68. Perhaps the most striking features of this chart are the prevalence 
of high average wind-velocities near the coasts and near the Great 
Lakes and the apparently low average velocities encountered in the 
mountain regions. In connection with the latter feature it is to be 
noted that stations in mountainous regions are generally in valleys, 
and are therefore protected from the general air-drift of the region. 
This chart appears to be of little or no value in defining rational climatic 
zones; either the average wind-velocity per hour during the period of 
the average frostless season is not a suitable feature by which to 
measure climate as related to plants, or the data upon which our calcu- 
lations have been based are too inadequate to bring out any relations 
that may exist between this feature and plant distribution. We are 
persuaded that both of these alternatives express the truth. The 
average wind-velocity during the growing-season for plants is so little 
different in different parts of the country, and the evaporating power 
of the air is so greatly influenced by other conditions than wind, that 
it seems hardly to be expected that average wind-velocity may prove 
of great value in vegetational climatology. At the same time, if the 
distribution of climatological stations and the methods of wind observa- 
tion employed by the United States Weather Bureau should ever be 
reorganized according to the needs of this sort of study, it is possible 
that average wind-velocities might assume more importance than is 
here apparent. A glance at the various heights of the anemometers 
above the ground, as given in table 20, makes it clear that these instru- 
ments have been placed rather for convenience than for the obtaining 
of useful results, as far as climatology is concerned. As Livingston 
has remarked (1913), the population of the cities of the United States 
may be estimated from decade to decade by the average height of the 
Weather Bureau instruments above the ground; the instruments seem 
to have risen higher in the air as the population has increased. This, of 
course, is due to the pernicious habit of locating the recording-stations 
generally in cities and towns instead of in the open country, where the 
first principles of climatological study demand that such stations should 
be placed. As towns have become cities and cities have enlarged, the 
anemometers have been elevated from time to time, so that the hacks 
wardness of a town—as far as large buildings are concerned—may be 
inferred from the low elevation of its Weather Bureau station. Table 
20 shows that the anemometers are generally about 50 feet above the 
ground in small towns. In New York City the anemometer is 314 
feet above the ground, and for Pittsburgh (the highest elevation given 
on our list) its height is 410 feet. 

When better wind data become available other lines of attack may 
be begun, as, for instance, a study of the relation holding between 
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vegetation and maximum wind-velocity, but such attempts would 
be well-nigh useless at present. 


G. SUNLIGHT AS A CONDITION INFLUENCING WATER-LOSS FROM PLANTS. 
(TABLE 21, PLATE 69.) 


As has been remarked, the influence exerted by light conditions upon 
plant growth is very complex, comprising several kinds of influences 
that are themselves quite different. With regard to general plant 
growth, which mainly interests us in the present studies, it is obvious 
that the most important light-relations are those of transpiration and 
photosynthesis. 

The second of these relations is quite out of reach at present, for 
before the light conditions of different climatic regions may be com- 
pared with reference to the possibility of plant photosynthesis, the 
light-supply must be measured especially in terms of those ranges of 
wave-lengths that are known to influence the photosynthetic process; 
it is clear enough that the total light-supply is not in itself the condition 
to be studied in this connection, and spectrophotometry has not yet 
progressed far enough to furnish the instruments and methods here 
required. When it becomes possible to measure and record, at each 
climatological station, the daily supply of solar radiant energy of cer- 
tain relatively small ranges of wave-lengths, then, and then only, will 
the photosynthetic powers of different regions become capable of being 
satisfactorily compared, but this seems unlikely to occur in the very 
near future. 

The light-relation of transpiration is much more easily approach- 
able than is that of photosynthesis, but the climatological records 
so far available are not suitable for even the relatively simple com- 
parisons required in this connection. Here the climatological con- 
dition to be studied is the power of the surroundings to accelerate the 
_ tate of water-loss from plants through the action of impinging solar 
radiant energy. Since no two plants are to be regarded as exactly 
alike, and since the internal conditions of the light-absorbing surface are 
as influential in determining the light effect upon evaporation as are 
the external light conditions, it becomes necessary here (as in the case 
of the evaporating power of the air) to adopt some standard light- 
absorbing surface and to measure the light-effect: upon that surface. 
The measurement of sunshine has usually been accomplished by 
methods that depend upon the increase in temperature occasioned by 
the exposure of a certain blackened surface for a specified time period. 
Thus, the black-bulb thermometer has been employed by various 
authors in the comparison of the total intensity of sunshine energy 
received at different stations or for different days, etc., at the same 
station. The instruments so far described have not been generally 
satisfactory, being difficult of adequate operation and of calibration. 
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The bolometer and the pyrheliometer seem not yet to have been em- 
ployed in climatological comparisons and the initial cost of these 
instruments, as well as the labor required in obtaining readings there- 
from, make it probable that they will not, in their present forms at 
least, be of much climatological value. It must be remembered that, 
for such studies as we are considering, the operation of the instruments 
must be simple, the results must be satisfactory, and the cost must be 
low. 

Livingston! has discussed and compared various other simple forms 
of instruments intended for measuring light intensity, including the 
Hicks solar radio-integrator, two forms of actinometer employing 
photographic paper, and his own radio-atmometer. Reference should 
be made to his paper for what little has been done by way of comparing 
the readings obtained from these instruments with the corresponding 
degrees of light influence upon plant transpiration. This extremely 
important subject is deserving of much further study. 

The Hicks instrument is faulty in its theoretical conception, in 
several ways; its readings are as much determined by air-temperature 
as by the intensity of the light which it aims to measure, and they are 
also greatly influenced by the changing amounts of liquid in the 
exposed bulb, in the shaded reservoir, etc. 

The various forms of photographic-paper actinometers, such as the 
Wynne photographic exposure meter, the Clements ‘‘photometer,’” 
and the instrument employed by Wiesner’ are all valuable in measur- 
ing and comparing sunlight intensities with reference to their possible 
photochemical effect upon the particular paper or film employed, but 
they show nothing in regard to the corresponding possible photo- 
synthetic or evaporational influence upon plants, since the photosyn- 
thetic process in plants has nothing essentially in common with the 
photochemical alteration of silver salts, excepting that both are 
photochemical, and transpiration has nothing at all in common with 
the photographic process. 

Livingston’s radio-atmometer has been greatly improved since 
its first description,* and it seems probable that this instrument may 
prove to be of very great value in climatology as well as in plant 
physiology, ecology, agriculture, etc., but its general employment in 
such lines of study is yet to be accomplished. 

The most improved form of the radio-atmometer consists of two 
spherical porous-cup atmometers, one of the spheres being black and 
the other white, but the two being otherwisealike. Theseare separately 
mounted and are operated side by side in the location where the light 


1 Livingston, (1911a). See also, for the best sunshine records yet ilabl igg 
aeerie S yet available, Briggs and 

2 Clements, F. E., Research Methods in Ecology, Lincoln, Nebraska, 1905. 

3 Wiesner, J., Der Lichtgenuss der Pflanzen, Leipzig, 1907. 

4 Livingston, 1915, b. 
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intensity is to be measured. The white surface absorbs but little 
radiant energy, while the black one absorbs a large proportion of the 
sunlight that reaches it. Both instruments are similarly affected by 
alterations in the evaporating power of the air, due to whatever cause, 
and the difference between their losses for any given time period is the 
amount of water vaporized on account of the energy absorbed by the 
black surface, over and above what is absorbed by the white one. 
This difference is thus an approximate measure of the radiation inten- 
sity for the given period, as this might accelerate evaporation from 
moist exposed surfaces of the kind here employed. The instrument is 
calculated to integrate the effects of sunshine throughout the time 
period that occurs between the readings, and it is exceedingly sensitive 
to relatively weak light intensities, so that it can give a wide range of 
rates. The period of exposure may of course be made of any conven- 
ient.length. Attention should be called to the fact that the readings 
are to be interpreted as the time-rates of work done in vaporizing water 
from the standard surface, so that it thus becomes possible to consider 
sunshine, from the climatological point of view, as to its power to do the 
work of accelerating evaporation from the instrument. For a simple 
term to denote this power we may use ‘‘the evaporating power of the 
sunshine.’”’ No doubt this expression can be shown to be faulty in 
certain respects, if interest seems to lie in such a direction, but until 
the very important climatological factor of light intensity begins to 
attract serious attention it makes little difference in what terms we 
emphasize its present neglect and its great importance. 

The sunshine records of the United States Weather Bureau consist 
of observations on the number of hours of sunshine occurring each day 
at each of the stations provided with the Marvin sunshine recorder. 
This instrument is virtually a differential thermometer, having two 
bulbs, the surface of one being a very good reflector and that of the 
other being blackened. The automatic recording device records the 
time periods when the blackened bulb has a temperature higher than 
that of the other bulb by more than a certain small amount. During 
periods of sunshine these two temperatures differ in this way. It is 
thus seen that the instrument is not calculated to give any information 
regarding comparative intensities of the impinging or absorbed radiant 
energy. It simply records for each day the amount of time when the 
sunshine was intense enough to produce the stated difference between 
the temperatures of the two bulbs. While this recorder leaves much to 
be desired, its records are probably more valuable than are periodic 
ocular observations of the amount of cloudiness during daylight hours." 

1 In this connection see F. T. McLean, A preliminary study of climatic conditions in Maryland 
as related to the growth of soy-bean seedlings, Physiol. Res. 2: 129-208, 1917. See also: 


F. Merrill Hildebrandt, A method for approximating sunshine intensity from ocular observa- 
tions of cloudiness, Johns Hopkins Univ. Cire., March, 1917, pp. 205-208.—Idem, 1921. 
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From the records of the Marvin sunshine recorder, the United States 
Weather Bureau has derived data of the normal number of hours of 
sunshine, for each day of the year, for each of the stations included in 
the sunshine study. These numbers are expressed as percentages of 
the possible daily hours of sunshine in each case, the possible number 
of hours being, for each day and station, the number of hours between 
sunrise and sunset. Through the kindness of Professor P. C. Day, 
of the United States Weather Bureau, we have been able to obtain 
these data of the percentage of possible hours of sunshine for each 
month and for 57 stations in the United States, and these have been 
employed as basis for our sunshine computations. 

From the present point of view the percentage of possible hours of 
sunshine is quite without interest; what affects plant activities is, of 
course, simply the amount of sunshine, and, if we consider this in terms 
of hours of light intensity above the threshold of the sunshine recorder, 
it is the actual number of hours of sunshine which should attract our 
attention. Our first step was, then, to calculate the normal number 
of hours of sunshine for each month, in each case. This was done by 
finding the number of possible hours of sunshine for the latitude of 
each station and for each month included in the period of the average 
frostless season, from Marvin’s Sunshine Tables,' and then multiplying 
this number by the corresponding percentage of the possible, con- 
sidered as hundredths. The next step was to sum the numbers thus 
obtained for all whole months occurring in the average frostless season 
for the station in question, and to add to this sum quantities calculated 
to represent the fractions of a month with which the average frostless 
season generally begins and ends. The final sum represents the normal 
number of hours of sunshine occurring in the period of the average 
frostless season, for the particular station in question. The sums thus 
obtained are given in table 21, the summations being plotted on a 
chart, with isoclimatic lines drawn in the usual way. The chart 
is given as plate 69. It is obvious, from the small number of stations 
for which data are available, that this chart is very crude and super- 
ficial. Nevertheless, a rational and self-consistent arrangement of cli- 
matic zones is here brought out, and this zonation is very similar to that 
based on temperature conditions. The stations receiving the most sun- 
shine (measured in terms of hours by the Marvin recorder) are in the 
extreme Southwest, while those receiving the least lie near the northern 
boundary of the country or in the mountain regions. The lines of the 
western portion of this chart are shown as distinct from the rest. to 
suggest the greater uncertainty with which they have been placed. 


1 Marvin, C. F., Sunshine tables, Edition of 1905, givi i i 
» | . , , giving the times of sunrise and i 
mean solar time and the total duration of sunshine for every day in the year, latitudes soe ate 
North, U. 8. Dept. Agric., Weather Bur., 1905 (numbered ‘‘ W. B. No. 320”’). 
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TABLE 21.—Normal total number of hours of sunshine within the period of the average 
frostless season. 


Normal Normal 
total total 
Station. duration Station. duration 
of of 
sunshine. sunshine. 
hours. hours. 

Arizona: Plagstatls:. ci. see - 1,134 New Mexico: Santa Fe......... 1,892 

Arkansas: Little Rock.......... 2, 166 New York: 

California: UNWoy Naw ean Ble ore & 6 pasteles, ckcsgiscnctte co 1,504 
BosrAmpelose se one cere setts 2,995 BiLalow seer eee oe 1,479 
Sancbrancisco © miss aniscies 2,615 News York iste. teins So eiek 1,626 

Colorado: HOGH ester sue cask scen neues 1,418 
IDOI VERE einai ore.. manerd eaters 1,261 North Carolina: Wilmington.... 1,942 
DUvan yO seers sete wisn cee os 1,367 North Dakota: Bismarck....... 1,227 
Grand JUNG LOD teen «52 sara ici: 1,865 Ohio: 

Florida: Jacksonville........... 2,297 WinGinn aly sca) oe etree 1,775 

Georgias A tanita. nies. kie so onl 1,946 Cleveland eisitias  eehpt as ot 1,567, 

We Shore Oisecn sate eerste ooh Syn oye oc 1,870 Golumibus qr as. nea keeas aoa: 1,651 

limois: Chicapor.c.. o2-. =. ss 1,774 MoledOseaners se ee ere 1,512 

Indiana: Indianapolis.......... 1,571 Oregon’- Portland: j28,.06j ose 1,578 

owas Des Moines oo sig s.5- <2 oi 1,544 Pennsylvania: ; 

iansast Odgers an 02s ccs sak me vn 1, 784 piGtaes tne teehee ee oe aio. 1,577 

Kentucky: Louisville........... 1,743 Philadel phigze stents eee 32, 

Louisiana: New Orleans........ 2,123 Pitisbucehs tei cekce cuits crue 1,403 

Maine: South Carolina: Charleston..... 2,026 
PHASEDOL ban ceed las want ha aajele 1,225 South Dakota: Huron.......... 1,267 
PPO tL AIG cae egestas a cancel Shes Sis 1,365 Tennessee: 

Maryland: Chattanooga. ces ca ete fcr 1,836 
Baltanore case. ake ssborcal oe: 1,736 Knoxvilleecay echo bio eters ota 1,772 
Washington, D.C... 2.26622 1,646 Nashville seca. setaiiarttne x Sus cute 1,878 

Massachusetts: Boston......... 1,499 Texas: 

Michigan: Detroit............. 1,468 A MATING Meee wesc to hess Td S eyes 2,057 

Minnesota: St. Pauli... 0722: 1,367 (Galveston seitet dacs seis eh 2,650 

Mississippi: SanvAnrCouion. steers ote 2,343 
IVEGTIGIATE  orezetoin: eecjane iolts aie (sue 1,895 Utah: Salt Lake City........... 1,927 
VIG ADU Sets ts vainie ncts bie 2 2,301 Washington: Spokane.......... 1,927 

IMISSOUEIS SU LOUIS clive wide ss os 1,832 Wyoming: 

Montana> Helena... 5s. cue ears « 1,286 C@hevenne Sy 12k winter tae 1,127 

Nebraska: Omaha... 66. 66- +s 1,548 f SehaYle) dees SOARS Gib Rink MOIO IO Ler 

New Jersey: Atlantic City...... 1,827 Sherid ants. at ease 1,307 
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IV. MOISTURE-TEMPERATURE INDICES. 
A. INTRODUCTORY. 


An attempt on the part of Livingston’ to obtain a single climatic 
index for moisture and temperature efficiencies combined resulted in a 
climatic chart of the United States that has certain interesting charac- 
teristics. These indices are based on the tentative suppositions: (1) 
' that the temperature efficiency of a climate, to produce plant growth, 
is proportional to the temperature summation-index of that climate 
(obtained by whatever method may prove most satisfactory), and 
(2) that the moisture efficiency is proportional to the Transeau ratio 
of precipitation to evaporation. This last supposition considers that 
if two stations differ only in rainfall and in the intensity of the 
evaporating power of the air, then plant growth at these two stations 
should be directly proportional to the rainfall and inversely propor- 
tional to the atmospheric evaporating power, as far as climatic condi- 
tions are concerned. In short, the moisture-temperature index of a 
climate (for any given duration factor) is taken as the product of the 
temperature summation-index and the moisture ratio. To employ 
Livingston’s terminology, if J,,.represents the moisture-temperature 
index, if I, represents the temperature summation-index, if I, repre- 
sents the summed precipitation for the period considered, and if J, 
represents the total evaporation from some standard atmometer for 
the same period, then 

Lu=T, Tis 


Inspection of this formula shows that the value of this moisture- 
temperature index is increased by higher temperature (supposing that 
the optimum temperature for plant growth is not surpassed) and also 
by lengthening of the time period taken into account. The higher are 
the daily temperature-index values and the more of them are summed, 
the greater must be the resulting sum (J,), and the product index is 
of course increased by increasing its first factor. Also, this product 
index is increased by higher values of the Transeau moisture-ratio 
(I,/I.). This ratio value, in turn, is increased by more rainfall and by 
lower atmospheric evaporating power. The efficiency, for plant 
growth, of the moisture-temperature complex is thus greatest with a 
long growing-season, with high temperatures (not surpassing the 
optimum), with great rainfall, and with low evaporating power. 

Livingston’s product indices were based upon the duration factor 
of the length of the period of the average frostless season and upon 
the physiological summation-index of temperature efficiency. We 
have calculated these values also for temperature indices derived 
by the remainder method and for those derived by the exponential 
method. The results obtained for these two forms of moisture- 


Livingston (1916, 2). 
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temperature index are presented below, and these are followed by those 
obtained by Livingston. 

It is perhaps not out of place here to remark that these moisture- 
temperature indices represent no more than a first rough approxima- 
tion toward an environmental index, which might state the efficiency 
of the environment as a whole to produce plant growth. It is quite 
obvious that such an environmental index will not really be attainable 
for a very long time; it must embrace many other terms besides those 
representing climatic conditions, and also terms for all of the influential 
climatic ones, and, as has been emphasized, methods for the measure- 
ment and weighting of most of the environmental conditions are yet 
to be devised. Nevertheless, progress can best be favored by employ- 
ing the two climatic indices that seem most promising, with the hope 
that the shortcomings of the resulting interpretations may suggest 
closer approximations to the form of index required. 

It may also be remarked that but little real progress can be hoped 
for in this direction until laboratory facilities become available, by 
which the relations between plant growth and environmental condi- 
tions may be experimentally studied. As has been emphasized, this 
sort of experimentation will require well-planned physical equipment 
for the control of environmental conditions. It will also require a 
group of workers who can bend their energies toward gaining a com- 
mon end, for a single individual, no matter how well equipped with 
apparatus, can not hope to find it in his power to enter very deeply 
into these complex relations. Nevertheless, expensive and difficult 
as the project may seem at present, there can be no doubt that it will 
be eventually undertaken, nor can it bedoubted that the benefits to be 
derived from properly planned and conducted experimental studies 
on plant environmental relations will prove fully as great and as 
valuable to the human race as have been those derived from experi- 
mental physics and astronomy. It is in the laboratories and observa- 
tories of these sciences that the nearest approach to the sort of work 
here contemplated is now being carried on. On the practical, bread- 
winning side, it needs only to be suggested that the greatest and most 
important of all human industries, agriculture, rests entirely upon 
what little knowledge we already happen to possess in regard to the 
relations between plant growth and environmental conditions. When- 
ever a workable environmental index for plant growth may be 
approached, it is certain that the arts of agriculture and forestry will 


be markedly improved. 


B. MOISTURE-TEMPERATURE INDICES BASED ON TEMPERATURE SUMMATION- 
INDICES OBTAINED BY THE REMAINDER METHOD (ABOVE 39° F.), FOR 
THE PERIOD OF THE AVERAGE FROSTLESS SEASON. (TABLE 22, PLATE 70.) 

; trite al be PEN 
These values were derived by multiplying the summation inaex 
for the period of the average frostless season, for each station (table 
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6, column 5), by the corresponding Transeau ratio (table 11, column 
8). For simplicity, we may represent the first of these factors by the 
letter 7 and retain the expression already used (P/E) for the second, 
whence we may term the resultant index P/EXT. The results 


obtained are set forth in the second column of table 22. 


The chart for this series of values is shown as plate 70. Its discus- 
sion may best be combined with those of the two following charts. 


TABLE 22.—Moisture-temperature indices (P/EXT) for the period of the average frostless 
season, by remainder (above 39° F.), exponential, and physiological methods. 


The moisture ratios (P/H) from table 12, and the summation indices (7) from tables 9 and 10. 


Station. 


Montgomery........ 
Arkansas: 

Hort omith.. cee... 

fathle- Rock... .a< - 
California: 


Independence....... 

Los Angeles......... 

Scie SLU tts Setsrerate states 

Sacramento......... 

San Francisco....... 
Colorado: 


Connecticut: 
New Haven........ 
Florida: 
Jacksonville... .. v2... 
PROV IVVIOS bree cle ie ay ocr 


SIRT tact le sists & eset 

(Cedar Keys)!....... 
Georgia: 

PAGIATY GAN te sets) crs suere, © < 


GICAL Onn eee eee 


OLIN SHELA © <5 + sient 


| Temperature summation 


Temperature summation 


obtained by— obtained by— 
Remain- Remain- 
der Expo-. | Physio- Station. der Expo- | Physio- 
method | nential | logical method | nential | logical 
(above | method. | method? (above | method. | method.? 
39° F'.). o9° Bee 
Indiana: 
12,106 1,314 | 23,652 Indianapolis.........| 3,376 359 5,967 
6,114 665 | 12,400 || Iowa: 
Davenportan. 48 3,672 384 6,255 
5,543 601 | 10,782 Des Moines...... 4,364 456 7,457 
5,795 627 | 11,246 Dubwaaey «6 4,583 478 7,472 
Keokuk ii wet. chris 4,138 440 7,241 

625 68 1,186 || Kansas: 

254 27 449 Concordianer seas 3,781 401 7,114 
2,721 283 Syed Dod re sa mereses 2,410 256 4,474 
1,285 142 2,409 LODGKA sta sas eio 5,744 611 | 10,599 
1,399 146 2,046 || Kentucky: 

2,598 283 1,991 Louisville....... 3,498 371 6,590 
Louisiana: 
786 81 1,204 New Orleans........| 11,956 1,304 | 23,381 
Shreveport...... 6,846 751 | 13,874 
5,330 556 7,869 || Maine: 
Eastport........ 3,406 391 2,747 
10,813 1,196 | 21,760 Rortlaiid sareneiers , 3,712 386 4,528 
10,877 1,155 | 23,266 || Maryland: 
10,175 1,113 | 20,465 Bal timiorouem ates 4,540 7,947 
Washington, D.C...| 4,704 49 8,322 
11,722 1,271 | 23,155 Massachusetts: 
BOStOM tess ayetetsts cre 4,097 429 5,714 
ya lrdss 549 9,686 Nantucket....... 4,396 474 5,193 
6,420 695 | 12,879 || Michigan: 
9,385 1,014 | 18,294 PN oy:) 00: ane ee 3,008 312 3,300 
DEtrortinen wets 2,996 309 4,569 
405 42 598 Grand Haven 3,147 327 4,189 
Marquette....... 2,997 314 3,113 
4,174 446 7,807 Port Huron...... 2,918 301 3,819 
3,384 355 5,100 |} Minnesota: 
3,971 418 7,032 JOT Ti eran ort 3,751 401 4,064 


1 Where a second station is named in parentheses, the evaporation value is for this station. 
2 The values in this column have appeared in Livingston’s paper (1916, 2). 
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; indi iod of the average frostless 
22.—M oisture-temperature indices (P/EXT) for the perio : 
Piste by remainder kere 39° F.), exponential, and physiological methods.—Continued. 


The moisture ratios (P/E) from table 12, and the summation indices (7) from tables 9 and 10. 


Temperature summation 
obtained by— 


: Remain- 
Station, der 
method 
‘(above 
39 F.). 
Minnesota—Continued: 
Moorhead=,, y- see 3,163 
Ste Pauls eract sees 4,269 
Mississippi: 
Vicksburg: eieicete 7,663 
Missouri: 
Kansas City........ 
(Leavenworth, Kans.)! \ ERD 
Sta Louisss. S..ss-a 3,635 
Springfield@ece icc. 5,631 
Montana: 
Havre ecm en mine 
(Fort Assiniboine)! .. \ he 
Helena saeco. cote 691 
Nebraska: 
North Platte........ 2,205 
Omaharenwpiccc ae 4,151 
Valentines. ..- sec 2,309 
Nevada: 
Winnemucca........ ire 
New Hampshire: 
Concord asec eee: 
(Manchester)!....... \ => 
New Jersey: 
Atlantic City....... 6,858 
New Mexico: 
Dantaslionsern meee Lin 
New York 
Alban Ysee cas eee. 3,780 
Bufllalociscame eee 3,257 
New Yorkin etter 4,541 
OswWegO datacom cl, MOROLe 
Rochestersnesoo cee 2,962 
North Carolina: 
Charlotterans ae 5,914 
Hatteras! s.;sererti 13,511 
aleigieee, iene 7,992 
Wilmington eee 9,781 
North Dakota: 
IBISMARCIO meer eee 1,590 
Devils Lake......... 
(Fort Totten)!...... 2,210 
WWalliston een einenis 
(Fort Buford)!...... teat 
Ohio: 
Cincinnatine see 3,007 
Cleveland/rinane 3,782 
WOlUmM pus 3,019 
Sandusk yen 3,635 
Woledoeekin yates 2,914 


Expo- 
nential 


method. 


Physio- 
logical 
method.” 


5,598 
4,511 
7,034 
4,784 
4,100 


11,022 
24,265 
14,980 
18,240 


2,626 
2,823 


1,902 


5,513 
5,606 
5,112 
5,778 
4,647 


1 Where a second station is named in parentheses, 
? The values in this column have appeared in Livi 


Station. 


Oregon: 
Portlandincws serene 
Resebure. ee eee 
Pennsylvania: 
IB Trie se Seer ee ene 
Philadelphia........ 
iPittsbureh...seeese 
Rhode Island: 
Block Island........ 
South Carolina: 


(Hort Sully)iss. se 
Y anions ea ae 
Tennessee: 
Chattanooga........ 
Knoxville eee ees 
Memphis® see aoc 


Texas: 


IE Pasgreccee eee 


Utah: * 
Salt Lake City...... 
Vermont: 
Northfield esse-e on. 
Virginia: 
ihynch burgess oem 
INotiolk oes... co eee 
Washington: 
North Head. ....;.- 
SDOksNeGe ana eee 
Tatoosh Island...... 
Walla Walla........ 
Wisconsin: 
Green Bay.......... 
La Crosse 


Gal @euele ene ee 


Wyoming: 
Cheyenne.......... 


Temperature summation 
obtained by— 


Remain- 
der Expo- | Physio- 
method | nential | logical 
(above | method. | method.? 
39) Es 
3,052 332 3,160 
1,213 126 | 1,313 
4,185 441 | 6,047 
4,174 441 | 7,010 
3,354 349 | 5,672 
6,164 668 | 7,555 
10,116 | 1,100 | 19,608 
7,432 807 | 14,837 
2,389 243 | 3,687 
Wea! 179 | 2,928 
4,080 424 | 6,961 
5,295 562 | 10,052 
5,040 530 | 8,970 
5,253 593 | 10,837 
4,593 493 | 8,930 
3,520 385 7,028 
S 2,532 262 | 4,673 
6,690 737 | 13,926 
906 98 | 1,790 
10,331 | 1,142 | 20,570 
6,410 700 | 12,977 
4,734 520 | 9,716 
623 66 1,052 
3,362 345 | 3,884 
5,139 544 | 9,298 
8,300 887 | 15,060 
\ 2,684 345 | 1,874 
934 101 | 1,148 
11,724 | 1,566 | 7,475 
950 101 | 1,475 
3,193 330 | 4,270 
4,085 422 6,296 
3,373 351 | 4,582 
563 58 710 


the evaporation value is for this station. 
ngston’s paper (1916, 2). 
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C. MOISTURE-TEMPERATURE INDICES (P/EXT) BASED ON TEMPERATURE 
SUMMATION-INDICES OBTAINED BY THE EXPONENTIAL METHOD (TEM- 
PERATURE COEFFICIENT OF 2.0), FOR THE PERIOD OF THE AVERAGE 
FROSTLESS SEASON. (TABLE 22, PLATE 71.) 

The same values for P/E are used here as in the preceding case, but 
the temperature indices are taken from table 7, column 2. The 
products are presented in the third column of table 22. They are 
shown graphically on the chart of plate 71, the discussion of which will 
be postponed until the next following chart has been presented. 


D. MOISTURE-TEMPERATURE INDICES BASED ON TEMPERATURE SUMMA- 
TION-INDICES OBTAINED BY THE PHYSIOLOGICAL METHOD (LIVINGS- 
TON'S, 1916) INDICES FROM LEBENBAUER’S 1915 MEASUREMENTS FOR 
YOUNG MAIZE SHOOTS, FOR THE PERIOD OF THE AVERAGE FROSTLESS 
SEASON. (TABLE 22, PLATE 72, AND FIG. 18.) 

The values for P/E are the same here as in the two preceding cases, 
but the temperature indices are taken from table 7, column 4. The 
products are given in the fourth column of table 22, and the chart 
therefor is shown as plate 72. The discussion for plates 70, 71, and 72 
will now be given. 

E. CONCLUSIONS FROM THE STUDY OF THE THREE FORMS OF MOISTURE- 

TEMPERATURE PRODUCTS. (FIG. 18.) 

The direction of zonation on all three of these moisture-temperature 

charts is at once seen to be essentially the same. A glance at the data 


tT [i 
Ky 


i i i i - ture products (physio- 

—Moisture-temperature zonation, according to moisture tempera : ; 

tes Pou a hod) bo period of average frostless season. Moisture-temperature provinces: 

Very high, more than 13; high, 7 to 13; medium, 4 to 7; low, 1 to 4; very low, less than 1. Nu- 
merical values represent thousands. (See also Plate 72.) 
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of table 22 shows that the indices themselves are markedly different 
in the three cases, however. The values indicated for the lines of 
plates 70 and 72 are thousands, while those for the lines of plate 71 are 
hundreds, and the table shows that the indices obtained from the 
exponential summations are always the smallest of the three. Those 
obtained from the remainder summations are roughly 10 times as 
great as those from the exponential ones, and those from the physio- 
logical summations are about twice as great as those from the remainder 
summations, or 20 times as great as those from the exponential ones. 
These statements are only roughly approximate, however, so that the 
values indicated on the three charts are: from 1 to 13 thousands, from 
1 to 15 hundreds, and from 1 to 24 thousands, respectively. It is thus 
seen that the actual values given for any given station are quite differ- 
ent on these three charts, but, as has been said, the general zonation is 
nearly the same for all. 

Peninsular Florida, a small area about Cape Hatteras, and the very 
humid Northwest show the highest values. (See fig. 18, derived from 
plate 72.) The Pacific coast region south of the humid Northwest has 
relatively low values, which are similar to those of the plains just east 
of the Rocky Mountains. The Great Basin region and the arid deserts 
of Arizona and southern California belong in the area of lowest index- 
values. From the plains belt eastward the values increase to about 
the one-hundredth meridian of west longitude. East of this meridian 
the lines of the charts roughly parallel the gulf and Atlantic coasts. 

It is at once clear that these moisture-temperature charts combine 
the features of moisture charts with those of temperature charts. The 
index values here brought forward are predominantly controlled by 
moisture conditions in the arid regions and similarly controlled by 
temperature conditions in the cold regions, while for regions of inter- 
mediate moisture and temperature conditions, neither the one nor the 
other group is dominant in this control. 

As Livingston has pointed out, it is not to,be expected that this 
climatic zonation will be found to correspond generally with the dis- 
tributional zonation of plants; these charts indicate, for example, that 
Portland, Maine; Milwaukee, Wisconsin; Dodge, Kansas; and Ama- 
rillo, Texas, all belong in the same climatic zone. This system of indices 
was planned, however, to represent, not plant distribution, but the 
climatic possibility of plant growth, in general. The most valuable use 
of these charts will doubtless come in studies of annual plant produc- 
tion, without particular regard to the forms of plants involved. They 
will probably be most useful in connection with agricultural and 
forestal studies. In this connection Livingston has remarked: 

“Tf it were possible to improv iti 
efficiency of a season of Se eee Porat rates von z ee ee fe 


Tampa, Florida, then the potential annual plant product i ili 
per acre (aside from soil infl 
for the northern station should about equal that for the southern. But taniperstaaee 
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ditions are not as easily controlled by artificial means as are moisture conditions; it is much 
easier to make a desert moist than to make winter into summer. So it comes about that 
large areas of the arid Southwest are annually producing nearly as much as their tempera- 
ture conditions allow, while only exceedingly small areas in the Portland region are produc- 
ing as much per year as their moisture conditions might allow. These latter areas are of 


course under glass; greenhouses are the only localities where the natural winter is trans- 
formed into an artificial summer.” 


And even greenhouse conditions fail to give summer light during the 
winter months. Quoting further from the author just mentioned, 


“Tt appears that the most efficient climate for plant growth, in the United States, is that 
of peninsular Florida, as far as moisture and temperature conditions are concerned. But 
this climate is not the most comfortable for human beings; its moisture ratio is too high in 
the season of active plant growth. The reason why the climate of southern California 
is so generally regarded as better than that of Florida [the temperature conditions being 
similar for the two regions] is to be found in the facts, (1) that the moisture ratio here is 
very low (making it a very poor climate for plant growth but a very pleasant one for human 
beings, and (2) that the moisture ratio is here artificially raised for plants (by irrigation), 
but not thus generally raised for human beings. The southern California climate for 
cultivated plants is an artificial one, in as true a sense as is that of a greenhouse in winter 
in Maine. In the latter case the value of the temperature index is artificially increased.’’ 


It should be remarked, in conclusion, that the main essentials of 
these moisture-temperature charts are also shown by the charts of 
vapor-pressure of water in the air (plates 63 and 64), and that the same 
is true in a more general way (but not so true in detail) of the four 
precipitation charts, plates 46 (fig. 2), 47, 49, and 50. The chart for 
normal annual precipitation (plate 52) also indicates some of these 
features. None of the charts showing temperature conditions and none 
of the other moisture charts (aside from those for vapor-pressure just - 
mentioned) exhibit fundamental similarity to the moisture-tempera- 
ture charts here considered. 


V. CARTOGRAPHICAL COMBINATION OF TEMPERATURE AND 
MOISTURE INDICES. 


While the arithmetical combination of temperature and moisture 
indices (giving such moisture-temperature indices as those just con- 
sidered) does not give a chart that promises to be of great general 
value in the study of the geographical distribution of species or vege- 
tation types, a chart formed by separately plotting the isoclimatic 
lines for moisture and for temperature values upon the same map 
appears to be much more promising for the present purposes. Such a 
combination chart was first presented, in a roughly generalized form, 
by Merriman’s system of life-zones, in which each temperature prov- 
ince was divided into two portions according to moisture conditions. 
Livingston! published three charts representing combinations of mois- 
ture and temperature data, and emphasized this general method of 
studying climatic data. 


1 Livingston, (1913, 1). 
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We have prepared another chart of this kind by superimposing the 
chart of the physiological summation indices of temperature for the 
average frostless season (plate 40 and fig. 1) upon that of the precipi- 
tation-evaporation ratio for the average frostless season (plate 57 and 
fig. 16), and the result is shown in figure 19, where the broken lines 
represent temperature conditions and the full ones represent condi- 
tions of moisture. On this chart each of the five temperature provinces 
is subdivided into four moisture provinces and the country is thus 
represented as a mosaic of small areas of various shapes and sizes, each 
area being characterized by a certain range and amplitude of the 
temperature index and also of the moisture index. Following our 
previous usage, climatically descriptive adjectives may be employed 
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Fig. 19.—T wo dimensional moisture-temperature provinces, being a combination of figures 1 and 
16. Broken lines limit temperature efficiency provinces (fig. 1), full lines limit precipitation- 
evaporation provinces. (fig.16). (See also Plates 40 and 57.) 


in designating these ranges of index values, and two such adjectives 
suffice to describe any one of the irregular areas shown on the chart. 
Thus, we may refer to the warm semiarid province, the medium humid 
province, the cool semthumid province, etc., each of these provinces 
including the coincident or overlapping portions of the corresponding 
temperature and moisture provinces. ; 

An examination of figure 19 shows, however, that several different 
geographical areas may be characterized by the same pair of adjectives 
and these may be designated by geographically descriptive terms, 
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employing either political designations (as the names of States), 
physiographical ones (such as rivers and mountain ranges), or the 
geographical ones of latitude and longitude. It is not to be implied 
that the different and separated portions of any climatic province, as 
these provinces are here characterized, have the same climatic condi- 
tions in general. The chart under consideration has been derived 
from moisture and temperature indices of certain specific kinds, 
obtained in certain specified ways, and the separate portions of the 
same province are to be considered as alike only with reference to the 
ranges of the indices employed. If other climatic indices were used 
these areas might not appear alike. It is obvious, for example, that 
other climatic conditions than those actually represented by the chart 
of figure 19 render the northwestern portion of the very cool humid 
province decidedly different climatically from the northeastern portion 
of the same province. 


VI. GENERAL CONCLUSIONS FROM STUDY OF CLIMATIC 
CONDITIONS IN THE UNITED STATES. 


The climatic conditions considered in the preceding sections are 
mainly those of temperature and moisture. These are surely the most 
generally important climatic conditions met with in the natural con- 
trol of plant distribution, and they are also the ones for which the best 
data are available, although the data for temperature conditions are 
much more satisfactory than those for moisture conditions. It is also 
true that methods for interpreting temperature observations are con- 
siderably farther advanced than are those for interpreting observations 
on the moisture conditions; methods by which temperature values 
may be weighted and integrated are available (though it must not be 
forgotten that these methods are susceptible of great improvement), 
but no general system for weighting moisture conditions has yet been 
suggested. The studies here repoted all lead unmistakably to the 
conviction that climatological methods and climatological interpre- 
tation, as so far developed, are wofully inadequate for the solution of 
problems dealing with the control of plant distribution. From the 
standpoint of ecology and agriculture no great progress is to be expected 
until much more attention is given to the devising of new methods for 
obtaining the climatic records and new methods for interpreting these 
records, and until a new point of view is reached, different in many 
respects from that hitherto held by workers in climatology. It can 
not be too strongly emphasized that the whole field of ecological 
climatology first requires original research in these fundamental and 
primary lines, research of an originality pronounced enough to be able 
to set aside many of the now stereotyped methods of observation and 
interpretation employed in climatology and meteorology, and it is to 
be hoped that those entering this new field of scientific endeavor will 
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not be too strongly impressed by the dicta of meteorological and 
climatological science. They should be encouraged to leave the beaten 
paths and to approach the climatological problems from new angles, 
angles determined by the principles of physiology rather than merely 
by past custom or by the principles of meteorology. It may readily 
happen that some of the most satisfactory methods for ecological 
climatology will be strenuously opposed by students of climatology 
as this special science has been hitherto developed, but such students 
may remember that the main reason why greater progress concerning 
the relations of climate to organisms has not been made lies in the fact 
that those interested in climate have seldom been seriously interested 
in physiology, while most writers in physiology have had little active 
interest in climate. What ecological climatology requires is funda- 
mental study of the climatic conditions as these are effective to alter 
physiological processes. Here there should be comparatively little 
interest in the meteorological causes of climatic conditions; attention 
is rather to be directed to the physiological effects of these conditions, 
without confusing the main issue by considerations as to how the con- 
ditions themselves have been brought into existence. 

The most general conclusion derived from our investigations is, 
therefore, that very little real advance in this field is to be looked for 
until many new methods have been devised and tested. This proposi- 
tion may appear disappointing to some ecological students, and our 
failure to place great reliance upon our own methods and results may 
be regarded by some as a confession that the work itself has been 
without valuable outcome. On the contrary, as has been repeatedly 
stated and implied, we have been convinced, throughout this pro- 
longed study, that the only present way to make progress in ecological 
climatology is to utilize the available climatic records as far as possible 
and to test every method for their interpretation that appears at all 
plausible or promising. If some or all of the methods of integration, 
etc., here employed shall finally prove to be without permanent value, 
the present studies may have been useful in showing this to be true, and 
they may stimulate subsequent workers to devise other and better 
methods. Whether a method for handling climatic observations may 
or may not be useful in the study of plant distribution can not be 
known, of course, until it is subjected to rather thorough test. Our 
climatic charts have been prepared to test, in this regard, some of the 
most plausible methods that have been suggested. 

Turning to the results of the work itself, the following paragraphs 
of the present section are to be read with the mental reservation that 
the conclusions stated, as far as they are general, are but tentative; 
they are known to be true only within the limits imposed by the 
nature of the climatic data used and by the methods of interpretation 
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employed. At best, they are perhaps indications as to the nature of 
better-grounded generalizations that are to be developed in the future, 
from more satisfactory data, and by means of more adequate methods 
than are now available. The conditions will be considered in their 
order of presentation in the preceding sections. 


A. TEMPERATURE CONDITIONS. 


All of our temperature charts, whether for duration or intensity 
of the temperature conditions, represent the area of the United States 
as divided into temperature zones or provinces, these having a gener- 
ally west-east direction, but being distorted more or less by mountain 
systems and proximity of the ocean. These zones result from arbi- 
trary divisions, depending on selected ranges or amplitudes of the 
index values concerned, but, since the climatic characters are geo- 
graphically continuous from province to province this is the only 
method by which they may be profitably studied. For general pur- 
poses it has seemed desirable to recognize five temperate temperature 
provinces in the United States, which we have termed: very warm, 
warm, medium, cool, and very cool. This terminology may be applied to 
all our temperature charts, but it is necessary to name the temperature 
index employed in each case and also the index amplitude representing 
each province. Thus, the warm province based on length of the 
average frostless season is not exactly coextensive with the province 
of the same name based on the physiological summation index, ete. 

Special emphasis should be placed on the length of the average frost- 
less season as an index of temperature duration. It has proved to be 
of great value, not only as a temperature index per se, but also as a 
duration factor for intensity indices of both temperature and moisture 
conditions. This promises to be one of the most useful temperature 
indices for use in ecological climatology, although it has not yet 
attracted the attention that it deserves. 

Other duration indices of temperature that may prove valuable are 
(1) the length of the period of high daily normals and (2) the length of 
the period of low daily normals. 

The most promising intensity index of temperature conditions 
appears to be that of the physiological summation for the duration of 
the average frostless season, as devised by Livingston, but much more 
physiological study will be required before this index can be regarded 
as established. As here employed, however, this index has proved to 
be very satisfactory in many ways. Absolute temperature minima 
have also proved to be valuable as intensity indices. We have also 
employed the average daily normal for the coldest 14 days of the year, 
as well as Merriam’s chart of the mean normal for the hottest 6 weeks. 
The normal mean annual temperature is the most promising of the 
various temperature indices for which values are directly available in 
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the publications of the United States Weather Bureau, but it appears 
to be of comparatively little use in interpreting climate in connection 
with the physiological activities of plants and animals. 


B. MOISTURE CONDITIONS. 


The moisture conditions with which we have dealt are those of (1) 
precipitation, (2) evaporation, (3) aqueous-vapor pressure, (4) rela- 
tive humidity, (5) wind, and (6) sunlight. As far as the environment 
above the soil-surface is concerned, precipitation is the condition that 
determines the supply of water to plants, but indices of precipitation 
are also indirect indications of the evaporating power of the air, atmos- 
pheric humidity, and sunlight intensity; for abundant precipitation 
is generally accompanied by high air-humidity and much cloudiness. 
But no methods are as yet available for obtaining an index of the power 
of the soil to supply water to plants, which is the subterranean moisture 
condition that corresponds to atmospheric evaporating power, and we 
have employed several precipitation indices as representing either the 
moisture conditions in general or else the moisture-supplying power of 
the climatic complex. 

We have employed eight different precipitation charts, seven of 
them original and the remaining one (normal annual precipitation, 
plate 52) after Gannett.! Probably the most valuable single criterion 
for the water-supplying power of the climatic complex is the normal 
mean daily precipitation for the period of the average frostless season 
(plate 46). But the precipitation of the United States can not be 
adequately interpreted by any single criterion; using the observational 
data that are at hand several different indices are required. Only 
when data for soil-moisture conditions shall have become available 
can a true study of precipitation as an influence on plant growth be 
undertaken. 

For the various precipitation indices the country appears to be made 
up of a series of more or less parallel precipitation zones, which may be 
represented by four precipitation provinces. These we have termed 
humid, semihumid, semiarid, and arid. The same terms are applied 
to the corresponding four provinces based on the desiccation features 
of the climate, evaporation, aqueous-vapor pressure, relative humidity 
etc. The exact extent of each province of course depends upon the 
nature of the climatic index employed, but there is generally shown an 
eastern and northwestern portion of the humid province, while the arid 
province lies in the region of the southwestern desert and semi-desert. 

Our evaporation charts represent three different climatic indices 
derived from Russell’s data for a single year (1887-88), and also 


1A more satisfactory chart of this feature, by Kincer, has recently appeared 
included in our study. See Kincer, J. B., Average annual precipitation ieekes itor Ren 
States], Based on Records of About 1,600 Stations for the 20-year Period 1895-1914, and 2,000 
Additional records, from 5 to 19 years in length, uniformly adjusted to the same : eri a d 
vance sheet 1, Atlas of Amer. Agric., U. 8. Dept. Agric., Weather Bur., Jan 1917. ee 
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another index based on atmometric measurements carried out from 
the Desert Laboratory in the summer of 1908. From our work with 
these and other atmometric indices, as well as on a priort grounds, 
it appears that evaporation is one of the most important climatic 
features, as far as the climatic control of vegetation is concerned. It 
deserves more attention than does precipitation, and as much as does 
temperature, but observational data on the evaporating power of the 
air are as yet exceedingly meager, and serious interest has only recently 
been directed toward atmometry. 

Transeau’s ratio, the normal annual precipitation divided by the 
annual evaporation for the single year tested (Russell), is a very valu- 
able index of climatic moisture conditions, and we have used this ratio 
in our series. The method employed by Transeau has been modified 
in several ways, to give other moisture indices. Of these modifi- 
cations two appear to be particularly worthy of special mention here: 
(1) the ratio calculated for the period of the average frostless season, 
and (2) a ratio derived by dividing the total evaporation for the period 
of the average frostless season (Russell) by the total normal precipita- 
tion for the period of the average frostless season plus the preceding 
30 days. The use of the frostless season as duration factor needs no 
comment in this place, but it may be emphasized that the second index 
of the two just mentioned (or some similar one) should prove worthy 
of much more study than is now possible. It is based on the idea that 
the precipitation of the early spring, before the beginning of the frost- 
less season, is effective to offset a portion of the evaporation of the 
earlier part of the frostless season itself. 

Aqueous-vapor pressure and relative air humidity furnish several 
moisture indices. Special attention should be directed to the normal 
mean percentage of relative humidity for the period of the average 
frostless season, an index that is probably the most valuable of all the 
desiccation indices we have used. The reason why this index is here 
accounted as more valuable than those of evaporation or aqueous- 
vapor pressure apparently lies in the fact that relative humidity data 
have been accumulated for a long period of time, while the other data 
are unsatisfactory in this respect. It should be emphasized that the 
saturation deficit is what ought to be recorded, instead of relative 
humidity, however, and that the simultaneous observation of moisture 
conditions throughout an area embracing as many degrees of longitude 
as does the United States is at least misleading and apt to introduce 
artifacts in the charts. For use in climatological ecology a much better 
method of making the records needs to be devised. 

From the available data on wind velocity and sunlight intensity we 
have derived climatic indices that may be regarded as pertaining to 
the moisture aspect of the climatic complex, but the information at 
hand, and especially the very unsatisfactory method now used for sun- 
shine records by the United States Weather Bureau, are not adequate 
for a general consideration of these conditions for the area studied. 
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C. COMBINATIONS OF TEMPERATURE AND MOISTURE CONDITIONS. 


It has been pointed out that temperature indices show a zonation 
of the country, the zones extending generally west and east. A similar 
generalization may be stated for the moisture indices that we have 
studied, only the direction of the isoclimatic lines is generally north and 
south in this case. Of course these statements are true only in a general 
way; what is most worthy of emphasis is that the two kinds of zones 
tend to cross each other, so that if our area had been large enough we 
should have had 4 moisture provinces within each temperature prov- 
ince and 5 temperature provinces within each moisture province. 
This observation has suggested the cartographical combination of 
moisture and temperature indices, by which the country becomes a 
mosaic of irregularly shaped areas representing 34 temperate moisture- 
temperature provinces. Since such combination charts bid fair to be 
very largely used in climatological ecology, the descriptive names of 
these various provinces, as we have suggested them, may be tabulated 
here for convenience. 


1. Very warm humid. 11. Medium semiarid. 

2. Very warm semihumid. 12. Medium arid. 

3. Very warm semiarid. 13. Cool humid. 

4. Very warm arid. 14. Cool semihumid. 

5. Warm humid. 15. Cool semiarid. 

6. Warm semihumid. 16. Cool arid. 

7. Warm semiarid. 17. Very cool humid. 

8. Warm arid. 18. Very cool semihumid. 
9. Medium humid. 19. Very cool semiarid. 
10. Medium semihumid. 20. Very cool arid. 


Livingston’s moisture-temperature products receive attention, but, 
while they promise to be of value in some ways, as, for example, in the 
comparative evaluation of land in different parts of the country, their 
very nature precludes their being of very great general service in the 
etiological study of plant distribution. They refer to the efficiency 
of the climatic complex for plant growth in general rather than to its 
efficiency for any particular species or kind of vegetation. 


PARTS: 


THE CORRELATION OF DISTRIBUTIONAL FEATURES 
WITH CLIMATIC CONDITIONS, 
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INTRODUCTION. 


After presenting in the preceding pages the data which have been 
selected to exhibit the principal features of plant distribution in the 
United States, together with climatological data that have been 
elaborated for use, we are now in a position to proceed to the final 
stage of our investigation and to discuss the correlation of features of 
plant distribution with various intensities of the climatic conditions. 
All that has gone before has been, in a large measure, preparatory to 
this phase of our work. 

We have sought primarily to discover the amplitude or extreme 
range of the climatic differences that may be found within the distri- 
butional area of each vegetation, each species, or each group of species. 
Such amplitudes, as shown by the climatological figures that we have 
used, are those of the average year, or the average frostless season. 
Even where we have used such data as the number of cold days, the 
number of days in the longest rainy period, or the number of days in 
the longest dry period, we have been concerned with the average or 
norma! operation of these extreme factors. Our work disregards, in 
other words, the actual absolute extremes by which every region is 
visited with respect to every element of the climate, except in the 
single instance in which we have employed data as to the absolute 
minimum temperature. The individual climatic extremes of a given 
year may be of great importance to plants, and may change distribu- 
tional limits or influence migratory movements. For perennial plants, 
however, it is probably the average conditions of decades and groups 
of decades that determine the mean distributional limits, and it is the 
average conditions that should be taken into account in a preliminary 
and general investigation of this character. 

In addition to ascertaining the amplitude of each climatic index for 
each plant area, we have endeavored, in as many cases as possible, to 
discover evidence that would show which of the various climatic condi- 
tions appears to be most influential in controlling the distribution of 
a given vegetation or plant, and what particular intensities of such 
main controls appear to be the critical points. It requires little 
experience with such problems to come to a realization that the various 
parts of the boundary of a plant or vegetational area are not controlled 
by the same factor or group of factors. In the case of plants which 
have a distribution of east-and-west extension it is obvious that their 
northern and southern boundaries are determined by different inten- 
sities of some condition, or possibly by entirely distinct sets of con- 
ditions. In the case of plants which have extensive and irregular 
distributional boundaries it may be possible to state what the limiting 
conditions are for certain portions of this boundary without being 


able to discover how far the given controls extend their domination. 
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In the United States there are many plants which appear to have 
three sets of controlling factors, one limiting them toward the north, 
one toward the south, and one toward the west. ; 

The investigation of distributional limits is still further complicated 
by the fact that the potency of a given condition in limiting the geo- 
graphic range of a plant may vary with the intensity of some other 
condition or conditions. This is very well shown in the case of the 
westward extension of Quercus macrocarpa (see plate 18), which reaches 
eastern Montana in the north and extends only to central Oklahoma 
in the south. The fact that this tree reaches its western limit in 
flood-plains points to the influence of water-relations in limiting its 
western extension, as is doubtless true of all trees of the Deciduous 
Forest region. All climatic lines which have to do with the water 
relations, however, have a nearly north-and-south direction in this 
part of the United States. It is obvious that a given set of moisture 
conditions may permit the growth of Quercus macrocarpa in South 
Dakota, while the same moisture conditions, under much more exacting 
conditions of temperature, and consequently of evaporation, would 
inhibit the occurrence of the tree in the Panhandle region of Texas. 
Similar considerations are doubtless involved in the western limit of 
the Grassland area. 

Another case of this extremely common state of affairs is to be found 
in connection with the northward distributional limit of Opuntia 
missouriensis. This plant, like many of its congeners, appears to have 
its northward distribution determined by some phase of the winter- 
temperature conditions. The cacti appear to be able to withstand 
low temperatures much better when their water-content is low than 
when it is high. In the dry late summer of the Grassland region 
Opuntia missouriensis becomes desiccated to such an extent that it is 
able to withstand the winter temperatures up to a latitude of 53°. In 
the regions to the east and west of its northernmost area the winter 
conditions are scarcely more severe, but the soil-moisture conditions 
of the late summer are such as would bring the cactus to the winter 
season in a state of turgidity that would prove fatal. This is a case, 
in brief, in which the annual march of soil-moisture conditions appears 
to cooperate with the winter temperature conditions in determining 
the limitation of a species. 

There are very many cases in which it is possible to demonstrate 
that a particular climatic condition at a particularintensity isresponsible 
for the position of a distributional limit. But in no case does the opera- 
tion of this factor fail to be influenced by the intensities of other 
factors. The most that we can do is to analyze the environmental 
complex, to discover which of the various environmental conditions is 
of the greatest relative importance in determining a given distribution. 
The coincidence of a charted distributional limit and an isoclimatic 
line can not be taken as an absolute and logically complete proof that 
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the particular climatic intensity in question causes the limitation of the 
plant or vegetation in question. The probabilities to be inferred from 
such a correspondence are extremely strong, but we may place full 
confidence in such a deduction only when we are sure that no other 
factor, intensity, or combination of factors, also follows the given 
vegetational limit. 

It frequently happens, particularly in the United States, that a 
rapid geographic change in a given climatic condition is accompanied 
by changes in other conditions, and that the isoclimatic lines for one 
feature of the climate are parallel to those for another. There is 
also a frequent reciprocal relation between factors, one approaching 
lower values as the other approaches higher. All of these circum- 
stances make more difficult the task of correlating vegetation and 
climate. All isoclimatic lines which refer to temperature conditions 
run, in general, in a west-east direction, and in the United States 
those referring to moisture conditions run mainly north and south. 
This makes it easy to distinguish at least the temperature controls 
from moisture controls, however difficult it may remain to discover 
which of several temperature conditions, or of several moisture con- 
ditions, may be the most critical in a given case of distribution. 

Wherever the method of correlation breaks down or is inconclusive 
in its evidence, there is an opportunity opened for more intensive 
study of correlations with reference to critical localities. It might be 
possible to secure the most conclusive and logically precise knowledge 
of the critical factors for plants by using the experimental methods of a 
physiological laboratory with equipment for the control of conditions. 
It is, however, much easier to determine the optimal points for a plant 
by laboratory methods than it is to determine the limiting points in 
the scale of conditions. It is relatively easy, too, to subject a short- 
lived plant to experimentally controlled conditions, although it is 
difficult to give it conditions—particularly of soil and light—similar to 
these occurring anywhere in nature, so that the results will have a 
definite ecological bearing. Perennial plants may be experimentally 
investigated with respect to their early life-history, or with respect to 
individual phases of activity, but there are many problems in con- 
nection with their physiology which demand field experimentation, 
or the measurement of the uncontrolled conditions of the natural 
habitat, and all problems in connection with their ecology demand it. 
The study of the optimal and limiting conditions for vegetation, as 
contrasted with individual species, appears to be quite beyond the pale 
of experimental methods and must be carried on by means of instru- 
mentation and correlation. 

The rather crude cartographic method of correlation that we have 
used is adapted only to general studies covering large areas. The 
same method might well be used on a more refined scale for a study of 
correlations over any topographically simple area for which there was 
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an abundant and well-distributed set of climatic data. The State of 
Texas is particularly well suited to such an investigation, both by reason 
of its sharp gradients of vegetational and climatic conditions and by 
reason of the absence of mountains and their complicating effects. 

While many distributional limits are sharp, the great majority of 
plants pass gradually from abundance to rarity, sometimes over a@ 
wide belt of territory. It is often possible by purely observational 
methods to discover that the outermost localities for plants, on the 
edges of their ranges, present conditions which are rare in that region 
but are common or universal in the region in which this plant is abun- 
dant. All of the deciduous trees of the Mississippi Valley find their 
western limits along the watercourses of the Great Plains, and all of 
the cacti of the Arizona Succulent Desert find their northern limits 
on arid slopes of southern exposure along the southern edge of the 
Colorado Plateau. These cases make it difficult to correlate vegeta- 
tion and climate on a coarse scale, and they invite the use of more 
refined methods with reference to small areas. 

The study of distributional limits and the climatic extremes by 
which they appear to be controlled is only one phase of the correla- 
tion of climate and vegetation. An equally important field is that in 
which attention is given to the ecological centers of the distribution of 
plants or the development of vegetations, and to the optimal condi- 
tions which appear to determine the location of these centers. Faunal 
naturalists have long been interested in the subject of ecological 
centers, and numerous writers have proposed criteria by which they 
may be recognized. Adams’ has brought these together, the criteria 
which are applicable to plants being as follows: (a) location of greatest 
differentiation, (b) location of greatest individual abundance, (c) 
location of closely allied forms, (d) location of maximum size of indi- 
viduals, (e) ocation of greatest reproductive activity, (f) location of 
convergence of lines of dispersal, (g) location of greatest catholicity of 
habitat, (h) location of convergence of lines of individual variation. To 
these might be added, for plants, the location of most rapid rate of 
growth and the location in which a form is accompanied by the largest 
number of individuals which are specifically distinct but of the same 
growth-form. 

It is obvious that the locating of the ecological center for a plant 
or a vegetation is a matter which requires the assembling of a considera- 
ble body of data. There are cases in which one or two of these cri- 
teria have been very carefully determined, but we know of no ease in 
which all of them have been determined for any plant. If it had been 
possible to secure such data in the published literature, it would have 
Fen aia pines - rae applied our climatological 
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conditions of the plant in question, in addition to its limiting ones. 
We publish our climatic data in detail partly with the hope that it may 
be possible for future workers in this field to do more than we have 
been able to do with this other and equally important half of the field 
of distributional etiology, and that our assemblage of figures may be 
of use in that connection. 

It is in default of full data as to the location of the ecological centers 
of distribution that we have used the maps showing the cumulative 
occurrence of trees and grasses and the maps showing the relative 
abundance of Pinus teda, Liriodendron tulipifera, and Bulbilis dacty- 
loides, in the different portions of their areas. These maps probably 
approach the appearance that might characterize maps drawn by 
combining all of the criteria mentioned by Adams if such charts were 
possible. 

With respect to both the climatological and the vegetational data 
that we have been able to secure, the limitations of our material have 
at all times been more serious than the limitations of our methods, and 
the methods might readily have been much improved in many respects 
if the available observational data had seemed to warrant this. 


PRESENTATION OF THE CORRELATION DATA. 
I. METHODS OF CORRELATION. 


The method here adopted for determining the extreme climatic 
values for each botanical area is a simple cartographic one. After 
assembling all of the values for a given element or condition of the 
climate, these were placed on a base-map of the United States (U. 8. 
Geological Survey sheets, 17 by 28 inches), with a heavy dot locating 
each station used. From each of the 39 climatic maps (see Part II) it 
was then possible to learn at a glance the climatic index value for any 
given station and to follow the regions of similar readings by aid of the 
isoclimatic lines. The data on plant and vegetational distribution 
were placed on maps of the same size, and from them overlays were 
made, on thin tracing-paper, for each of the 33 botanical maps. It was 
then possible to take each distributional tracing in turn and to lay it 
successively on each of the climatological maps, reading the figures for 
the stations which showed the highest and lowest values within each of 
the distributional areas. In this manner 126 botanical areas were 
compared with 31 of the climatological maps and 3,906 readings of 
climatic extremes were secured. These readings are presented in 
tables 23 to 151. 

Our method of determining optimum conditions, in the few cases In 
which we obtained centers of distribution by the method of cumulative 
occurrences, was to secure the readings of highest and lowest climatic 
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values for the center, and also for each of the zones, of diminishing 
abundance. 

The discovery of close relationship between the position of plant 
boundaries and isoclimatic lines has been made by a mere comparison 
of the vegetational and climatic maps, checked by the use of the vege- 
tational overlays on the climatic maps. 

It is true of both sets of the maps which embody our basic data that 
some are constructed from much fuller figures or information than 
others. Over 1,600 stations have been used for the map of absolute 
minimum temperature and over 1,200 stations for the map of average 
length of frostless season, whereas, on the other hand, the map showing 
the annual total evaporation is based on only 139 stations, and that 
showing the normal mean annual precipitation is based on Gannett’s 
chart, showing no readings for individual stations and smoothed to 
exhibit the means by 10-inch increments. The most poorly determined 
plant ranges are those of Flerkea occidentalis, based on four published 
occurrences, and of Trautvetteria grandis, based on sixteen occurrences, 
nine of which are in western Washington. The most satisfactory plant 
ranges are those of the southeastern species of pines, worked out by 
Mohr, and those of Pseudotsuga mucronata, Pinus ponderosa, P. con- 
torta, and other western and eastern trees, worked out by the United 
States Forest Service. 

A large percentage of our botanical areas extend beyond the geo- 
graphical limits of the United States, and this circumstance has proved 
particularly unfortunate in connection with our efforts to express the 
climatic extremes characterizing their limits. Nearly all of the 
climatic factors also reach higher or lower values in Canada or Mexico 
than are shown for the United States. In the table showing the 
extreme values of the climatic data for the United States (table 152) 
the bold-faced figures indicate the cases in which the highest or lowest 
possible values are found in this country. These cases are only 11 out 
of a total of 62 extremes, for the 31 climatic features. 

In a number of cases the extreme values of the climatic indices are 
found to occur on capes or coastal islands. The smallest number of 
dry days is found at Cape Hatteras, as well as the highest value of 
the physiological moisture-temperature index; the highest normal 
daily mean precipitation and the highest values of the moisture ratios 
are found at Cape Flattery, and the highest temperature summations 
at Key West. Nineteen out of the 62 extremes have been derived 
from stations of this character. The fact that all of these coastal 
stations are situated where vegetation is extremely sparse and very 
different from that of the adjacent mainland, has led us to attribute to 
some of our botanical areas extreme values which may be slightly too 
high or too low. We have considered, however, that the climatic 
conditions of these coastal stations are very nearly like those that are 
endured by the nearest bodies of vegetation growing on the mainland 
and that they probably represent the extremes for this vegetation 


CORRELATION OF DISTRIBUTIONAL FEATURES. 395 


much more closely than do the climatic values for the nearest main- 
land stations, which are often far distant. 

It has been particularly difficult to determine the southern limits of 
southeastern plants in peninsular Florida, and our data as to the cli- 
matic extremes for plants reaching southern Florida should be regarded 
as only tentative in those cases in which the values for Key West or 
Miami have been used. 

It is impossible, in general, to determine the optimum value of a 
given climatic condition by any method which involves taking into 
account the number of stations with readings of a given value, owing 
to the irregular distribution of the climatic stations. As an example 
of what might be done by this method, however, we have constructed 
the diagram shown in figure 20, in which is shown graphically the 
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Fig. 20.—Graphs showing the frequency in each of three different vegetations, of the grouped 
stations to which the progressive values of the moisture ratio a/E correspond. 


Ordinates represent frequencies of occurrence of the ratio-value ranges shown as abscissas. 


number of stations in the Grassland, the Grassland-Deciduous 
Forest Transition, and the Deciduous Forest, at which have been 
determined the several progressive values of the moisture ratio m/ E 
that areindicated. As there isa relative uniformity in the distribution 
of the climatic stations in these three vegetations, and as results have 
been expressed in percentages of the total number of stations in each 
vegetation, we may regard this graph as a rough means of showing 
which of the intensities of this condition is found over the largest area 
in each of the given vegetations. No ratio values below 0.20 are found 
in the Grassland, and the greatest number of stations have values 
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between 0.40 and 0.50. There are, however, Grassland stations which 
have readings as high as those of the minimum values for the 4 ransi- 
tion region. The maxima and minima of the Transition lie within 
those of the Grassland and the Deciduous Forest, as is shown by the 
simpler form of graph which we have generally used (figs. 21 to 74). 
The maximum number of stations for both the Transition and the 
Deciduous Forest is in the group having values of 1.00 to 1.10 for the 
moisture ratio. There are only a few stations in the Deciduous Forest 
for which the readings are higher than in the Transition region. It is 
impossible to draw definite conclusions from the graph presented, but 
it may be seen that this method of expressing results would be valuable 
for cases in which data had been secured for evenly spaced localities. 
The climatic extremes given in the accompanying tables have been 
derived from all of the climatic maps sufficiently detailed for this use. 
In view of the large number of values involved it seemed desirable to 
attempt a means of giving a graphic presentation of a portion of these 
data. This has been done by constructing the graphs shown in figures 
21 to 74. The manner in which these were made is such as to show 
the relation between the extremes for each plant or vegetation and 
the extremes for the United States asa whole. The graphs were made 
by constructing a special scale for each one of the climatic charts. All 
scales were of the same length and each bore at its left end the minimum 
value. The scale was then marked so as to read in convenient units 
the successive values that might be expected at different localities in 
the United States. To give a concrete example: The lowest and 
highest values of the normal daily mean precipitation (plate 46) are 
0.009 and 0.199 inch respectively. These values were placed at the 
left and right ends, respectively, of the scale for this climatic feature. 
The length of the scale in millimeters was then divided by the difference 
between the extremes, 0.190 inch, and the length of scale was ecalcu- 
lated that would express 0.010 inch. With this length as a unit the 
scale was then subdivided by 19 lines, with calculated allowance for 
the fact that the scale neither started nor ended with the even tens. 
Out of the 31 sets of climatic extremes given in the tables, 17 were 
selected as most important, and scales were made for each of them by 
the above method. The graphs were then constructed by using the 
appropriate scale to mark off the distances in each block that would 
express the extremes shown in the table. : 
Two kinds of graphs have been made, the first of which (figs. 21 to 
26) show the limits of the same climatic feature for each of the general- 
ized vegetational areas of the United States. In these graphs each 
block has been marked off by the same scale, and the maximum and 
minimum values are therefore given at the top of the graph. In the 
remaining graphs (figs. 27 to 74) are shown the extreme values of 
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each of the 17 leading climatic features as read from the distributional 
areas of various vegetations and species, as described above. In these 
a different scale has been used in measuring the length of the range of 
climate in each of the blocks, and therefore it has been impossible to 
give on them the figures for the extreme values. The same scale was, 
of course, used in laying out the range of the same climatic feature on 
all of the graphs. 

The reading of these graphs or diagrams may be illustrated by a case 
of each kind. In figure 21 are shown the extremes of the number of 
days in the normal frostless season for the 9 types of generalized 
vegetation of the United States, the extreme range, or amplitude, of 
this feature being from 25 to 365 days. Reference to the tables will 
show that the values for the Desert region show a minimum of 25 (or 
0 in some anomalous stations in the Klamath Lake region) and a maxi- 
mum of 305. The first block of the diagram shows, therefore, the por- 
tion of the whole amplitude of this factor in the United States that is 
to be encountered in the Desert region. It has no reference to the 
variations in this factor from year to year in the Desert, and gives no 
indication of the relative proportions of the Desert that are visited 
by short or long frostless seasons. The second block of this graph 
shows the minimum, 197, and the maximum, 319, for the Semidesert 
region. A comparison of this block with the former one gives a means 
of contrasting the amplitudes of the length of frostless season for these 
two vegetations. In the seventh block, showing the amplitude for 
the Southeastern Mesophytic Evergreen Forest, we have a minimum 
of 131 and a maximum of 365, this being the vegetational area in which 
is found the highest value for this climatic feature. 

As a rule, the maximum and minimum values are each found only 
in a single vegetation. In the graph showing the amplitude in the 
number of hot days (mean daily temperature of 68° or over), however, 
it will be seen that the minimum (no hot days) is found in 4 vegeta- 
tions, the maximum in only 1, while the Hygrophytic Evergreen 
Forest shows no hot days at all in any part of its area. The position of 
the shaded portion of each block is determined entirely by the values 
for the absolute extremes in the United States. These graphs merely 
depict, in other words, the comparative amplitudes of climatic condi- 
tions in the 9 leading vegetational areas of the United States. 

‘The graphs shown in figures 27 to 74 are constructed in the same 
manner as those just considered. Each figure gives a picture of the 
range of each of the 17 leading climatic conditions for the area m 
question. A slight familiarity with the extreme values of these con- 
ditions, as given in table 152, will enable the reader to interpret the 
graphs, and it will be found much easier to compare the graphs for two 
species or areas than it is to compare the numerical values on which 
they are based. 
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In a few cases the comparison of graphs has been facilitated by using 
double blocks. This has been done to show the comparative condi- 
tions of the Deciduous Forest region and the Evergreen Needle- 
leaved areas considered collectively (fig. 36), and to show the compar- 
ison between the climatic extremes of plants of very different range, 
in the cases of Sapindus marginatus and Populus balsamifera, and of 
Cornus canadensis and Spermolepis echinatus. ; 

It is difficult to devise any means of graphically representing the 
conditions that accompany the zones of diminishing abundance in 
the case of the charts for the cumulative occurrence of plants of the 
same growth-form. Three diagrams have been prepared to show the 
amplitudes of conditions in these cases. One is for the 13 species of 
commonest eastern deciduous trees, showing the conditions for the 
areas that have 8 to 12 and 1 to 7 species, respectively. This graph 
has triple blocks, each of which was constructed by use of the scales 
that have been described, and the significance of the shading is ex- 
plained by the key. The other diagrams are for the zones of abund- 
ance of Bulbilis and Liriodendron, and are also explained by keys. 

All of the graphs showing the range of climatic conditions would 
have a much greater value if they could be drawn in such a way as to 
show what part of the total range of a climatic index is characteristic 
of the largest, best-developed, or most typical part of a given vegeta- 
tional or distributional area. Several test graphs were prepared show- 
ing by vertical lines in each block the values for each of the stations 
in the distributional area selected. These graphs, however, proved 
to be not so much an exhibit of the conditions prevailing through most 
of the area as they were of the irregularity in the location of available 
meteorological stations, a matter over which we of course had no 
control. For this reason it has seemed unwise to present these graphs, 
or to enter into a discussion of this aspect of the correlation problem. 


II]. CLIMATIC EXTREMES FOR EACH OF THE VARIOUS 
VEGETATIONAL FEATURES. 


In the following tables are presented the climatic extremes for all 
of the botanical areas investigated, as obtained by the methods just 
described. These cover the general vegetational areas, the life-zones, 
the areas of relative abundance of growth-forms, the areas of relative 
abundance of individual species (their ecological distribution), and the 
distributional areas of individual species. In each table are given the 
highest and lowest values for each of about 31 climatic conditions for 
the botanical area in question. The numbers given in the first column 
of each table refer to the plates on which the climatic data are given 
inmap form. The same numbers are also used in the figures shown 
on subsequent pages (figs. 21 to 74). Temperatures are given in 


CORRELATION OF DISTRIBUTIONAL FEATURES. 399 


degrees Fahrenheit, the length of the period of the average frostless 
season 1s expressed by fs. Other abbreviations are self-explanatory. 

In the majority of cases the highest and lowest climatic values for 
each area have been read from maps bearing the detailed readings of 
all stations, but in several cases we have used generalized maps based 
on the work of others, for which the detailed data have not been pub- 
lished. This is true of the normal daily mean temperature and of 
the mean annual precipitation (lines 46 and 53 of the tables). In 
these cases we have derived the extremes directly from the isoclimatic 
lines, often being compelled to use + and — signs to indicate that 
the extremities of an area lie well beyond or well short of a given 
isoclimatic line. These signs have also been used in connection with 
other conditions whenever a scarcity of stations made it appear more 
accurate to doso. The use of an isoclimatic line rather than a station 
for the derivation of a reading is indicated by asuperscript ain each case. 

In the last table of this series (table 152) are to be found the lowest 
and highest readings recorded in the United States for each of the 31 
climatic conditions, together with the names of the stations to which 
these extreme values correspond. ‘This table affords a means of com- 
paring the climatic extremes of a given botanical area with the extremes 
of the entire country. In many cases this comparison has been facili- 
tated by the preparation of graphs, in which blocks representing the 
entire range of each condition for the United States have been shaded 
throughout the portion of the range encountered by a given plant or 
vegetation. Of the 62 national extremes, 11 are the lowest minima 
or the highest maxima possible in any region, as the minimum of 0 hot 
days or the maximum of 100 per cent of dry days in the frostless 
season. ‘These absolute extremes are printed in bold-faced type in 
table 152. Several other conditions approach their logically abso- 
lute values, as the minimum readings of 0.03 and 0.04 for two deriva- 
tions of the moisture ratio will exemplify. In the majority of the 
cases, however, the extremes for the United States are exceeded 
either in Mexico or in Canada as well as elsewhere, as has been said. 
It is unfortunate that the incompleteness of the basic data on both 
climate and vegetation have made it impossible to extend the present 
investigation so as to include the whole land area from the Isthmus of . 
Tehuantepec to the Arctic Ocean. 
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Taste 23.—Climatic extremes for the desert. 


Plate 


Temperature. Low. High. 
Days in normal frostless season (fs.).....-.++-+++--- 25 305 
Blot days fsree ned e rnc nore aeiele Acie sis dr obo mts shayal ere = 32 211 
(GiiGiusPhate span anor Gadiaecce ce: Urano sOmc oto 0 102 
Remainder summation above 32°, year (thousands)..... 10.0 26.0 
Remainder summation above 39°, fs. (thousands)...... 2.8 10.0 
Exponential summation, fs (hundreds).............--- 2.9 11.8 
Physiological summation, fs (thousands)............-- if 20.6 
A beolute mamimUm saaesece Soar tee ote stare ost se ei —48 +23 
Normal daily mean, coldest 14 days of year (°F.)...... 25 54 
Normal daily mean, hottest 6 weeks of year (°F.)...... 64.4— 78.8+ 
Normal dailysmeans year (CE. ese eae see eee 50— 70+ 

Precipitation; = 
INormalidaily mean 979) (inch) eee eee stares ieee .009 -073 
Normal No. rainy days (over 0.10 inch), fs...........- 0 8 
Normal No. dry days (0.10 inch or less), fs..........-- eA 283 
Dry days, percentage of total, fs (per cent)............ 96 100 
Days in longest normal rainy period, fs............-.- 0 10 
Days in longest normal dry period, fs..............--- 127 283 
Mean totaly yearsanches) csmacce sere aee eects cients 0 30 

Evaporation: 

Dailysmeans) S87=—S8.0/5.cinch)-a seein in aeons .183 349 
Totalanntial sLss7=os) (nches)ieeens eee eee 404 0) 

Moisture ratios; 

Normals) Before seer asee tet ec tte ah abs ry 04 -23 

IN Oma, SBMS oetcru snore, tears isle to ee cree tee ieee -06 27 

Normal? / Be year ieee oe eee oe ae een eee .03 44 
. Vapor pressure: 

Normal mean, fs (hundredths inch)................... 183 450% 

Humidity: 

Noralanean,. 7s. (pericent) sees. ete ataeee ee oe ceieie 22.6 54.6 
INormalimeansevear (percent) oc cece eee eee ines 29.7 64.8 

Wind: 

Normal mean hourly velocity, fs (miles).............. 4.5 LOGS 

Sunshine: j 
Normal total duration; /s (hours)... sss5ee snes eee eee 1,870 2,100¢ 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method............... 13 3002 

Normal P/E XT, fs, exponential method.............. 137 3,0004 

Normal P/E XT, fs, physiological method............. 197 7,0002 
TaBLE 24.—Climatic extremes for the semidesert. 

Temperature: Low. High 
Days in normal frostless season fs.............+--+++.- 197 319 
Ot Ga ysy SEaeaep coach oie ae Ree ee 0 218 
GColdidays,, Seas Weel at rcmenen eee At nn a eee ee 0 0 
Remainder summation above 32°, year (thousands)... . 1135 26.0 
Remainder summation above 39°, fs (thousands)....... 5.2 10.3 
Exponential summation, fs (hundreds)................ 520 irs 
Physiological summation, fs (thousands).............. Ar 21.4 
HA Daolihe “mimMIm Ware hee teres ete ee ee +5 +32 
Normal daily mean, coldest 14 days of year (°F.)...... 45 — 54 
Normal daily mean, hottest 6 weeks of year (°F.)...... 64.4— 78.84 
Normal dailyzmeany year (CH.)nvoe tee ae 60 — 70+ 

Precipitation: 

Normalidaily;smeanjs: anche enti anen tenn POWs .078 
Normal No. rainy days (over 0.10 inch), fs............ 0 62 
Normal No. dry days (0.10 inch or less), fs............ 231 294 
Dry days, percentage of total, fs (per cent)............ s1 100 
Days in longest normal rainy period, fs............... 0) 50 
Days in longest normal dry period, fs................. 82 299 
Mean: total; year) Gnehes) nance serene eee eee 10 30+ 


70 
71 
72 
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TABLE 24.—Climatic extremes for the semidesert—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 


Vapor pressure: 

Normal mean, fs (hundredths inch) 
Humidity; 

Normal mean, fs (per cent) 

Normal mean, year (per cent) 
Wind: 

Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method 

Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 


TaBLE 25.—Climatic extremes for the grassland. 


401 


Plate | Temperature: Low. 

34 Days in norma! frostless season (fs)................. 36 

35 PLO CAA Y Spor cites aerertc artis Ge ayeinlninae See UNAS panes 18 

36 CGE AG TIEN Ce SR ei ee ne Rr Sd ee en AN oa 0 

37 Remainder summation above 32°, year (thousands).... 10.0 

38 Remainder summation above 39°, fs (thousands)...... 2.9 

39 Exponential summation, fs (hundreds)............... 3.0 

40 Physiological summation, fs (thousands)............. 3.7 

41 PASBOLG VO SMT TAIN 2 tec he oe, aint Bieurisiekowsis ciao aoe —65 

43 Normal daily mean, coldest 14 days of year (° F.)..... ) 

44 Normal daily mean, hottest 6 weeks of year (° F.).... 64.4 — 

45 NOFMSAL dally, mean, year (> UW.) ). oj. cron a.05 «2 «swiake we ae 35 
Precipitation: 

46 Normal daily mean, (6 1GNCN)..2% cise dislers saeco .045 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 

48 Normal No. dry days (0.10 inch or less), fs........... 55 

49 Dry days, percentage of total, fs (per cent)........... 36 

50 Days in longest normal rainy period, fs.............. 0 

51 Days in longest normal dry period, fs................ 26 

52 Miearr totale Var (CHES) sys siavd cree seie nosis = 6\che eta wralls ore 20 
Evaporation: 

53 Daily meanpl S87=88,./8 (NCD) icm acictcree tise es ce a ey 

54 Totalvanmniunals 198 ¢—OS ANCHOS tine 4.6 dis.¢ are Cie = dete oan 2 2m 
Moisture Ratios: 

58 INOFIMaIEE HE {8a nae eee camisetas Store.k cuore eco er tevclsters .19 

59 NOM alee Hy ores ete a alee eieig a relt ceo fee cnet .25 

60 NOM Ale Vy CAR rates oo ois sua 25 0.5 serereleietor cian = arora sta .20 
Vapor Pressure: 

63 Normal mean, fs (hundredths inch).............+.+.- 253 
Humidity: 

65 Normal mean, fs (per-cent)).ce.. c's a vclele se «os ws ees ole 45.8 

66 Normal mean, year (per cent). .......--+-eeeeeeeeee 48.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. ie: 
Sunshine: 

69 Normal total duration, fs (hours)......-.-.+--+++++. 27 
Moisture-temperature indices: 

70 Normal P/E XT, fs remainder method............... 116 

71 Normal P/E XT, fs, exponential method............. 563 

72 Normal P/E XT, fs, physiological method............ 710 


INS SS Ey re - 


402 CORRELATION OF DISTRIBUTIONAL FEATURES. 
Taste 26.—Climatic extremes for the grassland—deciduous-forest transition. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily: mean, year (CE.) = s.2 2.0.2 = -11-1l> “telele rete 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method............ 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)..............-.- 128 323 
35 ELotidaysrfe ss cient ton aie canker ae ee ee 63 218 
36 Coldjdayes sec crac ee eee 0 117 
37 Remainder summation above 32°, year (thousands).... Te ass 18.0 
38 Remainder summation above 39°, fs (thousands)...... Smit Siok 
39 Exponential summation, fs (hundreds)............... 3.8 8.9 
40 Physiological summation, fs (thousands)............. Gel 16.5 
41 A bsolutelminimum ss.esemie e eele eee ee —27 +15 
43 Normal daily mean, coldest 14 days of year (°F.)..... 21 47 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6 78.8 
45 Normaldaily: mean: yeari(Ck.) susan nee eee 45 70 

Precipitation: 
46 INormalidaily; means Gnch) erent eee .091 .147 
47 Normal No. rainy days (over 0.10 inch), fs........... 26 225 
48 Normal No. dry days (0.10 inch or less), fs........... 19 2504 
49 Dry days, percentage of total, fs (per cent)........... 11 80 
50 Days in Iongest normal rainy period, fs.............. 17 174 
51 Days in longest normal dry period, fs................ 4 91 
52 Mean totalhiy.ear (inches) eee eee eae ee 30 — 60+ 
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TaBLE 27.—Climatic extremes for the deciduous-forest—Continued. 


Plate | Evaporation: Low. High. 
53 Daily mean; 1887=88, fe (inch)...<.<« decease Cee nee .081 .200 
54 Total annual, 1887-88 (inches)...................... 20.3 54.8 
Moisture ratios: 

58 NormalP/iE fas. sxc teen. nee: ON sense ae .51 1.39 

59 INorinalixy/ Be Ja .s5c/s7<2.ct teens hace OR .66 1.63 

60 INOrmaleP yy V Cat ie asisn-cceerous AR he, RY 51 1.85 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................. 411 600+ 
Humidity: 

65 INormalimean, fa! (percent) sseee ca eens oe eee tne 65.6 83.9 

66 Normal mean, year (per cent). ..........02.ceceeeee 67.5 82.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.6 12.5 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,468 2,300+ 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 301 1,1002 

71 Normal P/E XT, fs, exponential method............. 2,914 10,0004 

72 Normal P/E XT, fs, physiological method............ 3,819 20,0004 


Temperature: 


34 Days in normal frostless season (fs)..............6.- 103 316 

35 POG Vn Sisto iorote ier bea os eres ere ee Gcaiiaod Sonia le uote oyshavdiarelen es 0 0 

36 COLA Y I Sia co atel a eerotm oe cop wr sarc ered Ch ato ereete RI: 0 0 

37 Remainder summation above 32°, year (thousands).... 11.5 ares 

38 Remainder summation above 39°, fs (thousands)...... 3.8 4.6 

39 Exponential summation, fs (hundreds)............... 4.1 5.0 

40 Physiological summation, fs (thousands)............. 1.9 4.8 

41 FA DSOLULES TMITNUVUING o:s.orerss sieves oc oe eteeete ee ater evel aaeeh —6 +30 

43 Normal daily mean, coldest 14 days of year (°F.)..... 354 453 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 Bie 

45 Normal daily mean, year (CH) 1.1.0: <;.s «15 cele ote 50— 55+ 
Precipitation: 

46 INormalidaily, mean. 73 (INCh))... sei et > ctebeerets tetas ome 042 199 

47 Normal No. rainy days (over 0.10 inch), fs........... 1 199 

48 Normal No. dry days (0.10 inch or less), fs........... 72 200 

49 Dry days, percentage of total, fs (per cent)........... 27 100 

50 Days in longest normal rainy period, fg.............. 0 99 

51 Days in longest normal dry period, fs ............... 56 198 

52 Mean-totalsyeariGQncChes)) << « <16 <:s<incie + c.s.0'0 cle siesiecieies 50 90 
Evaporation: ; 

53 Wailyomeanpl Sodan 7s) AUCH) ome cst ciicielciels exelsiclele are 052 143 

54 Total annual, 1887-88 (inches).............-+.eeeee-- 18.1 39.2 
Moisture ratios: 

58 INGrT EIEIO Dice on onigtus DUDS GHOOe Do SMa DmMntst 29 3.84 

59 INormalen aise cee cle ering inte Mien sercia ar 41 4.48 

60 Normale Hy Caley ecto totem esa: eatess 88 4.90 
Vapor pressure: 

63 Nana mean, fs (hundredths inch).............+...- 318 328 
Humidity: 

65 Normal mean, fs (per Cent)........cccccccvcecsscees 71.4 80+4 

66 Normal mean, year (per CeNt).....-.eeeceercceccces 74.6 76.2+ 
Wind: F 

68 Normal mean hourly velocity, fs (miles)............. 3.5 16.4 
Sunshine: 

69 Normal total duration, fs (hours)........+.2..ssse0e- 1,500 1,500 + 

oisture-temperature indices: 
70 “atyeae Pi EXT, fs, remainder method.............. 126 1,566 
71 Normal P/E XT, fs, exponential method............. 1,213 i 


Normal P/E XT, fs, physiological method............ 1,313 
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TaBLE 29.—Climatic extremes for the southeastern mesophytic evergreen forest. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean, year (CF.).........--2++-+++-%% 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)........, ....e- Zo 307 
35 Hot dayasfeeccsmecc cc cas cok reba Mi ee 0 105 
36 Cold days, fe. cee ne cccn oee ode Ree eae 78 149+ 
37 Remainder summation above 32°, year (thousands) .... 10.0 11.5 
38 Remainder summation above 39°, fs (thousands)...... 2.4 5.2 
39 Exponential summation, fs (hundreds)............... 2.4 5.4 
40 Physiological summation, fs (thousands)............. 2.6 9.9 
41 FA bsolUte amimimm Win aero aparece ee eee —49 —7 
43 Normal daily mean, coldest 14 days of year (°F.)..... 19 41 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 71.6 
45 Normalidaily means year (CH) cance eee enema 40 — 60+ 

Precipitation: 

46 Normalidailysmesn,. js) inch) seeeee eee .025 .070 
47 Normal No. rainy days (over 0.10 inch), fs........... 0 55 

48 Normal No. dry days (0.10 inch or less), fs........... 140 202 

49 Dry days, percentage of total, fs (per cent)........... 78 100 

50 Days in longest normal rainy period, fs.............. 0 36 

61 Days in longest normal dry period, fs................ 140 202 

52 Mean total, year (inches). .......c0.sueecenceecvs +, 20 50+ 
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TABLE 30.—Climatic extremes for the northern mesophytic evergreen forest (West)—Continued. | 


Plate | Evaporation: Low. High. 

53 Daily mean, 1887-88, fs (inch)...................... . 120-2 . 262 

54 Total annual, 1887-88 (inches)................. hee 30— 68.3 
Moisture ratios: 

58 Normal!P/ 2 fs. isa See a eee £10 PE: 

59 Normalat/iiy fs.7 ta). ct ks han 19 .60—2 

60 INormaltP /Rey ears < oh cok «hk x eS Ta eS 14 1.30—4 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 253 348 
Humidity: 

65 Normalémean, fsi(per:cent +. son 24 ee ne 52.9 87.5 

66 Normalimban, year (per cent) <.54 56. sanr0s e208 See 60.7 86.8 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.4 6.6 
Sunshine: 

69 Normal total duration, fs (hours)..................- 1,134 2,3002 
Moisiure-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 101 2002 

71 Normal! P/E XT, fs exponential method............. 934 1,000 +4 

72 Normal P/E XT, fs, physiological method............ 1,0002 2,0002 


TasLe 31.—Climatic extremes for the northern mesophytic evergreen forest (East). 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)..............00. 85 167 

35 FIOEIGAVE JE ratte oie ce te oleic Cie wieitc oe atime etna 0 77 

36 Cold days, fae. o.23 256 ss acts vires crud oes des eee 66 149+ 

37 Remainder summation above 32°, year (thousands).... 10.0 11.5 

38 Remainder summation above 39°, fs (thousands)...... 2.6 4.5 

39 Exponential summation, fs (hundreds)............... 28 4.7 

40 Physiological summation, fs (thousands)............. 21 6.7 

41 Absolute*minimuni .6.2 635 iciec odd dees see en meee ene —48 -—7 

43 Normal daily mean, coldest 14 days of year (°F.)..... 5-4 30 +4 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 71.6 

45 Normal-daily mean, year (CF.)\...06c50.00000 nenee ens 35 50 
Precipitation: 

46 Normal daily mean, fs (inch). .........eceescecssecs .091 .131 

47 Normal No. rainy days (over 0.10 inch), fa........... 35 124 

48 Normal No. dry days (0.10 inch or less), fa........... 28 136 

49 Dry days, percentage of total, fs (per cent)........... 18 80 

50 Days in longest normal rainy period, fs.............. 22 106 

61 Days in longest normal dry period, fs............-... 9 58 

52 Mean. total. year GQnches) «occ oc cn 04 cs cle visisisie elcrscls 30— 50+ 
Evaporation: 

53 Daily mean, 1887-88, fs (inch)...........-..++.e000- .084 .149 

54 Total annual, 1887-88 (inches).............+.+0-s00: ies 30+ 
Moisture ratios: 

58 Normale Malsanseene cm uc e saci release cities sui 1.23 

59 INOEMal «ieee te ct tee eee cote ioc loe mis ae 81 1.52 

60 INormalse eAVOaleece tit oe ce teat areca ecee ss 82 172 
Vapor pressure: 

63 ena mean, fs (hundredths inch)..............++-- 345 450 —2 
Humidity: 

65 Normal mrean,-7s (per Celt)... cence ese 6 vceeece. oes 70.4 81.8 

66 Normal mean, year (per Cent).......--0ee eee eeeeees 73.4 80.2 
Wind: ’ 

68 Normal mean hourly velocity, fs (miles)............- 4:7 12.9 
Sunshine: 

69 Normal total duration, fs (hours)........-.-++s-eee05 1,225 1,500 +¢ 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............- 301 401 

71 Normal P/E XT, fs, exponential method............. 2,997 3,780 


72 Normal P/E XT, fs, physiological method............ 2,747 7,000 +4 
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TaBLE 32.—Climatic extremes for the Boreal Region. 


Plate | Temperature: 
Days in normal frostless season (/s) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean,-year (CH.)i 6. «= = + -1aetereereatao 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal 7/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Plate | Temperature: i High. 
34 Days in normal frostless season (fs)...............-. 25 316 


35 HOt Ga yary sie. coats choco ee we acc eae ee ee 0 105 

36 Gold dayvarsecins mete en oe ce Oe eae en ee 0 152 

37 Remainder summation above 32°, year (thousands).... 10 —4 18+4 

38 Remainder summation above 39°, fs (thousands)...... 3,053 4,617 

39 Exponential summation, fs (hundreds)............... 297 "545 

40 Physiological summation, fs (thousands)............. 2,693 6,271 

41 Absolute minimunn sce ee seeitcie seein eer: —59 “422 

43 Normal daily mean, coldest 14 days of year (°F.)..... 6 §1 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4-—4 78.84 

45 Worxmalidatlyamenn, yeari(Chs) seems eee cei 40-4 60 40 
Precipitation: 

46 Normal daily mean, js (inch). see eeeneieeeeneee P 

47 Normal No. rainy days (over 0.10 inch), fs........... 25 me ee 

48 Normal No. dry days (0.10 inch or less), fs........... 75 250 

49 Dry days, percentage of total, fs (per cent)........... 53 100 

50 Days in longest normal rainy period, fs.............. 25 —¢ 75 +4 

51 Days in longest normal dry period, fs................ 50¢ 2502 


52 Mean total, year (inches) 


OP eee rere ererneresresereesses 
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TABLE 33.—Climatic extremes for the transition zone—Continued. 


SSS SS SEE eee eee 


Plate | Evaporation: Low. 
53 Daily meany1887—88, fs (inch)... +... seis ore noee cen . 064 
54 Total annual, 1887-88 (inches)...................... 202 
Moisture ratios: 

58 Normal By a ss ina... eR ORAS Aetna Ca Ns 18 

59 Normal 4) Efe a Gs soi oe tee Gh ke Wa eT 25 

60 Wormal PAE MveOar ie. cuss stots ean Ucn. 20-2 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 183 
Humidity: 

65 Normalosmeans fs (pemcen tian. caao heme oe ene 40-4 

66 INormal/amean, year (per cent)... 6<c000+- ca vieone omen 404 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 64 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,127 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 1-4 

71 Normal P/E XT, fs exponential method............. 1-4 

72 Normal P/E XT, fs, physiological method............ 1-4 


Plate 


TaBLE 34.—Climatic extremes for the Alleghanian zone. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal dailymean, Years (2H;))2)s core e1¢s0) «0/01 21s.0 crests 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal 7/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wina: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normsl P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


10,886 
—4 
40 
71.6+4 
55 +4 


1.31 
150 
100 

83 
1254 

754 

60+% 


1.66 
504 
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TasLe 35.—Climatic extremes for the upper Sonoran zone. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean, year (°F.).............sseee000- 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Motsture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Plate | Temperature: Low. 
Days in normal frostless season (f3)................. 127 
35 Hotidayal fa i cdacgucanss 8osad cea seeeee ee eee 53 
36 Cold days, (8ic\ dara deroante, oa a oO Ee oes 0 
37 Remainder summation above 32°, year (thousands).... 11.5-—4 
38 Remainder summation above 39°, fs (thousands)...... 3,631 
39 Exponential summation, fs (hundreds)............... 370 
40 Physiological summation, fs (thousands)............. 5,604 
41 “Absolute minimum s<icces «coc ce eee eee —43 
43 Normal daily mean, coldest 14 days of year (°F.)..... 10— 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6—4 
' 45 Normal daily: mean,.vean (ch. )sevee cnc e ewe ae eeae 45 — 
Precipitation: 
46 Normal daily; mean, js) inch) ya nee ee eee arene .095 
47 Normal No. rainy days. (over 0.10 inch), fs........... 25 
48 Normal No. dry days (0.10 inch or less), fs........... 25 
49 Dry days, percentage of total, fs (per cent)........... 17 
50 Days in longest normal rainy period, fs.............. 25-4 
51 Days in longest normal dry period, fs................ 25—4 


52 Mean'total}vyear (inches). ce oer aera ene 20-4 
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TABLE 36.—Climatic extremes for the Carolinian zone—Continued. 


Plate | Evaporation: i 
53 Daily mean, 1887-88, fe (inch) ..........6..scecsee.. my mae 
54 Total annual, 1887-88 (inches)...................... 30 —4 508 
ie M bee UE Pie 

OFINALEES A Lear JS Sank yess ae EC ae Soe ee eee tes 

59 Normal a Ass t2lo cc oN Pa es ME occ ee rtick re i 

60 INOKMAL EHH VOREE Sse one fe cee eee, 402 1804 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 415 613 
Humidity: 

65 Normaltmean, fs) (per cents ...acc te esters ns tre ico ee nt 602 80% 

66 Normal mean); year (per cent). so0. seek meee ae 70-2 80+ 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. ga 128 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,267 1,946 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 26 74 

71 Normal P/E XT, fs, exponential method............. Qa 74 

72 Normal P/E XT, fs, physiological method............ 4-64 124 


TABLE 37.—Climatic extremes for the lower Sonoran zone. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean, year (CE.)).... Ssrkicals sselsiviaeneteiesee 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/EZ, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 
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TaBLE 38.—Climatic extremes for the Austroriparian zone. 


ee ee ee ee 
| Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs).......++++--+-+-+«- 187 289 

35 Hot Gaye. (ah scsee <ye cre ae oie ans oo eat ions oy oise asians eaoeeeeneee 128 197 

36 Coldidlaygtfaanvnn sinless oe cccoe custo ctorenetaze we erorenetereeiopers 0 22 

Sy Remainder summation above 32°, year (thousands).... 18 —4 18+¢4 

38 Remainder summation above 39°, fs (thousands)...... 6,279 9,355 

39 Exponential summation, fs (hundreds)............... 673 1,028 

40 Physiological summation, fs (thousands)............. 11,879 19,202 

41 A bsolute minimums ©... <5 656. dai ev ace, 6:0 sysiauelarsuetduotetereeie.s —31 +16 

43 Normal daily mean, coldest 14 days of year (°F.)..... 32 51 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8—4 78.814 

45 Normal"daily mean; year (CH:) as.015 ee ocls sete sete 60-4 70+2 
Precipitation: 

46 Normaltdailysmeans:76 (ici) arses rian tere .080 .170 

47 Normal No. rainy days (over 0.10 inch), fs........... 50 250 

48 Normal No. dry days (0.10 inch or less), fs........... 25—- 2502 

49 Dry days, percentage of total, fs (per cent)........... 0 78 

50 Days in longest normal rainy period, fs.............. 25% 2502 

51 Days in longest normal dry period, fs................ 254 7152 

52 Mean totalavear (Gnches): 5... seeenc dele eeeeiee eee 30-4 50+4 
Evaporation: 

53 Daily meany 887-8875 Gneh)c.e. soe ees one ee eeeree 96 169 

54 Total annual,)1887—S8) Gnches)inc acest ees © ieee oeiee 40-4 50+4 
Moisture ratios: 

58 Normal P/HA fs rate wn ten neonate antec ates amano 51 176 

59 Normal-a/'Hass ees he emote ee eee 54 196 

60 Normal P/Eeyearssnaccncen eee see ee eee ee 60-4 180% 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 4504 600 
Humidity: 

65 Normalsmean, js (per cent) ser eees sock eee eee 70—4 80+¢4 

66 Normal mean, year (per cent)..........-...-eeeeee 70-2 80+4 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6-4 12¢ 
Sunshine: 

69 Normal total duration, fs (hours) ................... 1,895 2,343 
Moitsture-temperature indices: 


70 Normal P/E XT, fs, remainder method.............. 4—4 1344 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
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TABLE 39.—Climatic extremes for gulf strip of lower Austral zone—Continued. 


Plate | Evaporation: ; 

53. | Daily mean, 1887-88, fs (inch).........0..0.eeceeeee mei ahive 

54 Total annual, 1887-88 (inches)...................... 402 50-44 
Moisture ratios: 

58 NormaliP) Eh) fs nc ds cee ee ee oe ee ort 6 136 

59 Normal a / Hefei cccck serie ett wy Oe ae le alan 72 152 

60 NormalyP/ Hi vyear: 228 Cctak cea cues hee so—4 140+4 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................. 569 675 
Humidity: 

65 Normalimean, fs: (per. cent)7.ceee aoe ee 80-4 80+2 

66 Normal mean, year (per cent). .........00cceccecces 80-4 8044 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6-6 12+44 
Sunshine: 

69 Normal total duration, fs (hours) ..........5.5..-0¢¢ 2,123 2,650 
Moisture-itemperature indices: 

70 Normal P/E XT, fs, remainder method.............. 7-4 1244 

71 Normal P/E XT, fs, exponential method............. 8—4 1344 

72 Normal P/E XT, fs, physiological method............ 14-4 2344 


TaBLE 40.—Climatic extremes for the tropical region. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normalidailly mean; year (CEs) .¢.om sic os «creel oe vtcheveletels 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 
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TaBLE 41.—Climatic extremes for region with no species of evergreen broad-leaved trees. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily;mean; year (CK .) cocsc oc o's oles sistas aye ae 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
70 Normal P/E XT, fs, remainder method 
71 Normal P/E XT, fs, exponential method 
“BP: Normal P/E XT, fs, physiological method 


(East). 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
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TABLE 42.—Climatic extremes for region with 1 to 4 species of evergreen broad-leaved trees 


69 


70 
71 
72 


(East) —Continued. 


Evaporation: 
Daily mean; 1887-88, fs (inch) ......06s0.eceesccccset 
Total annual, 1887-88 (inches)...................... 
Moisture ratios: 
Normale Pea isi auc packs Gera te con bes ee 
iNormaligy is fein 2 Suen ene ae Shot ace ke ne eee 


Vapor pressure: 

Normal mean, fs (hundredths inch).................. 
Humidity: 

Normalimesnny fs (Denicent) annem nase ee Eons ae 

Normalimean; year (per cent)... acco) fee ae ee 
Wind: 

Normal mean hourly velocity, fs (miles)............. 
Sunshine: 

Normal total duration, fs (hours)................... 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 

Normal P/E XT, fs, exponential method............. 

Normal P/E XT, fs, physiological method............ 


TasLe 43.—Climatic extremes for region with 1 to 4 species of evergreen broad-leaved trees 


Plate 


West). 
Temperature: 
Days in normal frostless season (fs)................. 
MI OUGRVS. Gens Ge one 6 Or oot akan cA ee 
MC OMACCAV BTR cee set etre x orci aac ees tee arn es 


Remainder summation above 32°, year (thousands).... 

Remainder summation above 39°, fs (thousands)...... 

Exponential summation, fs (hundreds)............... 

Physiological summation, fs (thousands)............. 

FA DSONMILE IMIDINIGUM «ce eeieic cre eee cial tie cie vio cise eee 

Normal daily mean, coldest 14 days of year (°F.)..... 

Normal daily mean, hottest 6 weeks of year (°F.)..... 

INormalidaily mean, year, (CE.).:.0 sje eele Seeoaeeea 
Precipitation: 

Normal daily mean, /s (inch) 2.720 yt a cleus wee ee sh euctt 

Normal No. rainy days (over 0.10 inch), fs........... 

Normal No. dry days (0.10 inch or less), fs........... 

Dry days, percentage of total, fs (per cent)........... 

Days in longest normal rainy period, fs.............. 

Days in longest normal dry period, fs...............- 

Mean total ay ear‘(nGhes)!s. os cco cc-0cls 00 ce 5.005) goa ses 
Evaporation: 

Watlye means USk7—86;, 76: (ANCL). nc.qaps.m wierenete evs den 3) oe 

Total’annual, 1S87—S8 Guches)...2.5.2+ +304 «+ see. + - 
Moisture ratios: 

INOrI a PEs AE I 8% croc ulcratebel tefoes are PeS TI SPATS yooh ala clea Ne 

Normale) Hy f8ic,cte o-cusrcia Actagny thio wtbage inet aie OOD cumealetons 

INOrmM Alden Vari c's vei «+ om oteumonsapaetyls ie) peter axes 
Vapor pressure: 

Normal mean, fs (hundredths inch).............+.--- 
Humidity: 

Normalhmean, 8(pCr Cent) sates xalroler-ke say etter atenecshs ie 

Normal mean, year (per cent)...........-.-. 
Wind: 

Normal mean hourly velocity, fs (miles)............- 
Sunshine: 

Normal total duration, fs (hours)............5...+6- 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method..........-... 

Normal P/E XT, fs, exponential method............. 

Normal P/E XT, fs, physiological method............ 


(ell MS a OR i ee ee oe eee 


High. 
316 


16.4 
2,700 +4 
1,566 


11,724 
7,475 
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TasLE 44.—Climatic extremes for region in 4 to 9 species of evergreen broad-leaved trees 
East). 


Plate | Temperature: 


34 Days in normal frostless season (f8)....-..-+-+++++++ 
35 HOt Gay ss os crore eterecs aielo) elo! late wtsFal ol al ott atatetsolionel ovata 
36 Gold days; fs eitostenrci= 1s erste et etarsstnie aiolewre alo eieie wlaislon 
37 Remainder summation above 32°, year (thousands).... 
38 Remainder summation above 39°, fs (thousands)...... 
39 Exponential summation, fs (hundreds).............-- 
40 Physiological summation, fs (thousands)............. 
41 Absolute mimimitim .). c ssetele sue sraiaers orale o wlalel a eteteletetells 
43 Normal daily mean, coldest 14 days of year (°F.)..... 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 
45 Normal daily mean, year (CF.).........sceceeseeeeee 
Precipitation: 
46 Normal daily mean, fs (inch)..........--.++2-eeeees 
47 Normal No. rainy days (over 0.10 inch), fs........... 
48 Normal No. dry days (0.10 inch or less), fg........... 
49 Dry days, percentage of total, fs (per cent)........... 
50 Days in longest normal rainy period, fs.............. 
51 Days in longest normal dry period, fs................ 
52 Mean total year (inches)).<...selt es see rie ete ele 
Evaporation: 
53 Darlyamean el SS7—_85a7 sa GUC) teem teste tae tei iat 
54 Total annual 1887-88 Guches).....s02 see es oes oe 
Moisture ratios: 
58 Normale Eepanecmence aes mete ae elses ser ere ees 
59 Normal a LEese succnie cts rteie secre wieae teste tects ete 
60 Normal P/E} year oe co a sear a eee oo hep istoreseudie cues 
Vapor pressure: 
63 Normal mean, fe (hundredths inch).................. 
Humidity: 
65 INormalmean,. fs) (Der CONt) asc aeiisteie eieleie aie asia sion 
66 Normal;mean, year (per cent)in. sce selec seine sieiaie 
Wind: 
68 Normal mean hourly velocity, fs (miles)............. 
Sunshine: 
69 Normal total duration, fs1(hours)iac. ses cses es eiieeie ee 
Moisture-temperature indices: 
70 Normal P/E XT, fs, remainder method.............. 
71 Normal P/E XT, fs, exponential method............. 
72 Normal P/E XT, fs, physiological method............ 


78.8+ 


.129 


2,650 


1,418 


13,511 
24,265 


Taste 45.—Climatic extremes for region with 5 to 9 species of evergreen broad-leaved trees 


(West). 
Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)................. 139 311 
35 Hot daysapsrd oc cwin owieionn cote oan eC E See 0 60+ 
36 Cold days. facri wears weer ree Re ene ae ee 0 0 
37 Remainder summation above 32°, year (thousands) .... 11.5— 18.0+ 
38 Remainder summation above 39°, fs (thousands)...... SAD 8.044 
39 Exponential summation, fs (hundreds)............... 4.1 8.0+ 
40 Physiological summation, fs (thousands)............. Dee 15.0 
41 A bsolute minimum s.:.scee ereccie seer eee ee +12 +30 
43 Normal daily mean, coldest 14 days of year (°F.)..... 45 50+24 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.8+ 
45 Normalidailyimean, yearn ch) tec sini aie een 55 — 65+ 
Precipitation: 
46 Normalidaily mean fs Gneh)eemeeee eee eee .017 .070 
47 Normal No. rainy days (over 0.10 inch), fs........... 0 55 
48 Normal No. dry days (0.10 inch or less), fs........... 190 259 
49 Dry days, percentage of total, fs (per cent)........... 78 100 
50 Days in longest normal rainy period, fs.............. 0 36 
51 Days in longest normal dry period, fs................ 182 258 
52 Mean totalityear (inches). occc econ rae te 20+ 70 
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TABLE 45.—Climatic extremes for region with 6 to 9 species of evergreen broad-leaved trees 
(West)—Continued. 


Plate | Evaporation: Low. 
53 Daily mean, 1887-88, fs (inch)...................6.. .171 
54 Total annual, 1887-88 (inches)...................... 40 —4 
Moisture ratios: 

58 Norm alka iE fale eRe ae eI i ae ee ete, .08 

59 Normalia/ E> fs 5.28 = ae ae teen hs a ls, aes: .10 

60 NormaltP) Bi vears stants. 25. eee ee 15 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 279 
Humidity: 

65 Normalimean’ jai(per cents siesta ee ee 48.9 

66 Normal mean, year (per cent). ..............0ccecee 48.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. IS 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,700 —4 
Moisture-iemperature indices: 

70 Normal P/E XT, fs, remainder method.............. 68 

71 Normal P/E XT, fs, exponential method............. 625 

72 Normal P/E XT, fs, physiological method............ 1,186 


TaBLE 46.—Climatic extremes for region with 10 to 14 species of evergreen broad-leaved trees 


(East). 
Plate | Temperature: Low 

34 Days in normal frostless season (fs)...............-. 228 

35 ELOUGAV SW Gera pia ac cin aie crere rei sient orc fede xodt at hei aie oe 147 

36 SOLGNAAV BATS tre ieee Stet iR Takis caveroniete a ome thatte cites 0 

37 Remainder summation above 32°, year (thousands).... 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... hee) 

39 Exponential summation, fs (hundreds)............... heel 

40 Physiological summation, fs (thousands)............. 13.5 

41 FA DROMEDO INA NIUAUI es ery ote eye calc oyeteis orem cae veterendiote ayite« =i! 

43 Normal daily mean, coldest 14 days of year (°F.)..... 45 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ 

45 Wormial daily mean; year (SE). she tas nc. cmseteeue oe seu 65 — 
Precipitation: 

46 Nornial dary aneas, (6) (CN) ders acesieiniei cos akeeieiewl ales aes: .141 

47 Normal No. rainy days (over 0.10 inch), fs........... 175 

48 Normal No. dry days (0.10 inch or less), fs........... 26 

49 Dry days, percentage of total, fs (per cent)........... 8 

50 Days in longest normal rainy period, fs.............. 143 

51 Days in longest normal dry period, fs...............-- 18 

52 Weantotalry GAL ANGNGS) creme ¢ ci cco. dis as vie. ais = eloereleuerere 50— 
Evaporation: 

53 Dalyimestnl S81—SS;, 76> GQ0CB)\sia5 6445-5 silesiels ceieeels .130 

54 Motalannual,) 1So7—Ss, (INCHES) 2.1.6 cc 9% <a ciele sc wir eines 38.4 
Moisture ratios: 

58 Inyo ceil BORA LE a8 ania ae Say oSbIoe MAA Mont: cee ei 1.08 

59 INIGTS EEN, OD gt En ena pee Oise a6 oe SAPe acetone tonic ies} 

60 INOrmialy ie a GAY vier tora ctiackees intra arariae askin 1.09 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)...........-..++-- 585 
Humidity: 

65 Normal mean, (6 (per Cént) cass ees Sele es ee Goon 

66 Normal mean, year (per cent). ............--.+se-0- dias 
Wind: 

68 Normal mean hourly velocity, fs (miles)...........-- bel 
Sunshine: 

69 Normal total duration, fs (hours)..........-.+2+..6: 1,942 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............- 1,014 

71 Normal P/E X71, fs, exponential method............. 9,385 

72 Normal P/E XT, fs, physiological method............ 18,294 


a 
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Taste 47.—Climatic extremes for region with 10 to 14 species of evergreen broad-leaved trees 
est 


Plate | Temperature: 


69 


70 
71 
72 


Days in normal frostless season (fs).........++-++++- 
Hotidaysr fs sigsecckie sos clos > eels 2s seater terete 
Cold days fs sec naiste coe cle © oc ee tices arevecsie sein ereeet a= 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands)...... 
Exponential summation, fs (hundreds)............... 
Physiological summation, fs (thousands)............. 
‘A bsol Ute smixiim Uri sie eeere ere ce oe ionel al aed cate el aerate 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean, year (CF:)...... 0.2. 2eccu aececwe 


Precipitation: 


Normaliaailyamesn, 76) (nc) sree iets rites 
Normal No. rainy days (over 0.10 inch), fs........... 
Normal No. dry days (0.10 inch or less), fs........... 
Dry days, percentage of total, fs (per cent)........... 
Days in longest normal rainy period, fs.............. 
Days in longest normal dry period, fs................ 
Mean totaljfyear Gnches) ¢ 4.<.<icrsse ears) oteispereteie aysisieis « a) 


Evaporation: 


Daily, mean, 1887-88; 78 uch) © <.< 1c steeice s stele else ere 
Total annual) 1887-88 (Gnches) 22% -cctec. eels aie oer 


Moisture ratios: 


Norm al+PHEnfsiccecciciac boats osc ee reals Siar mea eere et 

Normalig /B fs a. ceccasisiccie sie) c nel noainie Sate ore oeieters 

Normal@e Ey ear ae eos ceaicitoc cronies isis cen 
Vapor pressure: 

Normal mean, fs (hundredths inch).......-...... aaa 


Humidity: 


Normalimean, js"(per'cent) i. cos oe celles = ences a gers 

Normal mean, year (per cent). .......0.0+.e.ecc0e0: 
Wind: 

Normal mean hourly velocity, fs (miles)............. 


Sunshine: 


Normal total duration, fs (hours)................... 


Moisture-temperature indices: 


Normal P/E XT, fs, remainder method.............. 
Normal P/E XT, fs, exponential method............. 
Normal P/E XT, fs, physiological method............ 


fay) 
© 
oo 


io 
or 


TABLE 48.—Climatic extremes for region with 15 to 63 species of evergreen broad-leaved trees 


Plate 


(East). 
Temperature: 
Days in normal frostless season (fs)..............+.- 
Hot dayeujsiecste att conoete cme eee eee 


Remainder summation above 32°, year (thousands) .... 
Remainder summation above 39°, fs (thousands)...... 
Exponential summation, fs (hundreds)............... 
Physiological summation, fs (thousands)............. 
Absolute minimum sess ee reece een 
Normal daily mean, coldest 14 days of year (°F.) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 


Precipitation: 


Normalsdailysmeans731 (inch erie eee ree 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs........... 
Dry days, percentage of total, fs (per cent)........... 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 


/ #) 8/0 Se Lue) 6 ie eue) feleel-o cel eisimical oftauel sare 
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TaBLE 48.—Climatic extremes for region with 15 to 63 species of evergreen broad-leaved trees 
(East)—Continued. 


Evaporation: Low. High. 
Daily mean siss7—88, fe Gnch)isss). eee a.. sees. maby! .138 
Total annual, 1887-88 (inches)................00.-.. 44.2 50 +4 

Moisture ratios: 

NOT a GLH tS tek Co a cee i een yn a 1.08 1.19 
NGI Sauer Seinen ee ao ect eae Sica i ae ib pulls 1.28 
iNormalbr iE wVeaten tee e irise Maeve min at ane ih Oi 1.36 

Vapor pressure: 

Normal mean, fs (hundredths inch).................. 612 6504 

Humidity: 

Normale yer (per cent)... entice pe ne 80.0.—2 80.4 
Normal mean, year (per cent). -........:-ne.s.0c5.., 80.0—4 80.5 

Wind: 

Normal mean hourly velocity, fs (miles)............. (ys 8.0+4 

Sunshine: 
Normal total duration, fs (hours)................... 2,300 +4 2,300 +4 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 1.200 —4 1,271 
Normal P/E XT, fs, exponential method............. 11,000 —2 ts g22, 
Normal P/E XT, fs, physiological method............ 22,0002 23,155 


(East). 
Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 312 348 

35 PRORFCAV Sane ar ie Meee nis ok sa a oem atc eee ne ae 2402 330 +4 

36 GGIGiG Ay S/S. ets 5 cco ovals, oa ae ohxyass sailed 0 0 

3f Remainder summation above 32°, year (thousands).... 26.0+ 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 10.8 12.0+4 

39 Exponential summation, fs (hundreds)............... 11.0+ 12.0+ 

40 Physiological summation, fs (thousands)............. 20.0 27.5+ 

41 FAIR LELEGS ERIAITININAI IND 3, cf'ctroralia opajaa ot Woehcge ero cents Ie EN +19 +30 

43 Normal daily mean, coldest 14 days of year (°F.)..... 60 — 64 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ 78.8+ 

45 Normal day mean, year (CH .) ac eves os = cate toe 75— 75+ 
Precipitation: 

46 Normal daily-mean, fs (inch). .22..'osa eure oul . 140-4 mle 

47 Normal No. rainy days (over 0.10 inch), fs........... 175 —4 234 

48 Normal No. dry days (0.10 inch or less), fs........... 84 1754 

49 Dry days, percentage of total, fs (per cent)........... 26 50 +4 

50 Days in longest normal rainy period, fs.............- 125@ 174 

51 Days in longest normal dry period, fs.............-+. 19 1004 

52 Meanutotalesy Cate nChHes) we cie cle nie G once am cual aes erel 50— 60+ 
Evaporation: 

53 Dailvemventmt el Ss r—Soa7S (ACD) ost ote ene seis nate + . 140-4 Beas 

54 Total annual, LOS’—S6 UMGHES) cscs c ccs eres see 50 —4 50+ 
Moisture ratios: 

58 Inforaraell JOA ORIRY, cclob ohio sieiieek Otero Mab Sota Sprint .80+4 1.00+4 

59 iNirenitall 9/401, $y cme onion nen te Le OS OOS OSG mn 1.00 —4 e20 

60 INGmantt | JAMO yeti oaentne ene en oe tina 7 Jobo pectot ic 1.00—4 1.36 
Vapor pressure: 

63 Noel mean, fs (hundredths inch) .....+.-.......+.- 650 —4 692 
Humidity: 

65 Normal’mean, /§ (per cent)... .0.-..--- 6015s ees 80.0 —4a 80.5 

66 Normal mean, year (per cent)........---+--.+eeeee- 80.0—4 80.5 
Wind: ; z : 

68 Normal mean hourly velocity, fs (miles)............. 8.0— 8.0+ 
Sunshine: 

69 Normal total duration, fs (hours).......-.-+--+++++: 2,300 +4 2,300 +4 
Moisture-temperature indices: 

70 Normal P/} EXT, fs, remainder method............-. 1,200 we 1,200 ie 

a Normal P/E XT, fs, exponential method............. 11,000 s 11,000 = 

72 Normal P/E XT, fs, physiological method..........-. 23,000 + 23,000 + 


a a a a Ee le Te 
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Taste 50.—Climatic extremes for region with 88 or more species of evergreen broad-leaved 
trees (East). 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs).......-....+--+- 3402 365 

35 HOt days; (Sierras erected stots ct etetarasaopeis iors aiav ave one ione oie 300 + 365 

36 Goldidayafsem cece ae crccieteets ttonete searate iets oled oleaels 0 0 

37 Remainder summation above 32°, year (thousands).... 26.0+ 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 12.0% 14.5 

39 Exponential summation, fs (hundreds)...........--.. 12.0+ 15.4 

40 Physiological summation, fs (thousands)............. 25.0+ A he | 

41 FAbsolater minimum sepere eine trates ret ses er enats ton elet eta heya +29 +41 

43 Normal daily mean, coldest 14 days of year (°F.)..... 60+ 69 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8 78.8+ 

45 Normal daily mean; year ((CE.). 2.2.20 <6 scsi ne 75+ 75+ 
Precipitation: 

46 Normal daily;means 7s 1(noh) ae. ersie nee retreat aire .106 . 1604 

47 Normal No. rainy days (over 0.10 inch), fs......-.... 161 2002 

48 Normal No. dry days (0.10 inch or less), fs........... 1504 204 

49 Dry days, percentage of total, fs (per cent)........... 30-4 56 

50 Days in longest normal rainy period, fs.............. 112 150 +4 

51 Days in longest normal dry period, fs...............- 75 —4 182 

52 Mean total, year Gnches) cecre ars secrsieralecctsters ereistete srelene= 50+ 60+ 
Evaporation: 

53 Daily mean; 1887-88) fs Gnch) veer. aac © see Series ae . 140-4 .141 

54 Totalannual, 1887-88 (nches)....a0e++.+-+ee2 266s = 50 —- 51.6 
Moisture ratios: 

58 Normal PEs [signaernc ctce drat cine era rete te ieee tees es .80+44 

59 INormaltgr (di p78 soso ere oe See eee ee ee eee ar 5S .80+2 

60 Normal (PZ, iy earcech oc.s steno orice ee ene BO ee 375 1.00+4 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 700 —4 707 
Humidity: 

65 INormalémean) 7s (percent) eee ai ies ieee rans Mitek 80.0+4 

66 Normal mean, year. (per cent)... ....2..se44+ ds. ee yi fe | 80.0+2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 8.0+4 971 
Sunshine: 

69 Normaltotal durations ye (hours) es see ee ee ae 2,300 +4 2,300 +4 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 1,155 1,200 —@ 

71 Normal P/E XT, fs, exponential method............. 10,877 11,000 —¢ 

72 Normal P/E XT, fs, physiological method............| 23,000+2 23,266 


TasLe 51.—Climatic extremes for region with no species of Microphyllous trees. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)................. 25 365 
35 Hig day ar ais's.. cst caterers tre oe en ae 0 365 
36 Cold dary anf sis ciern oie tc ecto eee ie eee 0 158 
37 Remainder summation above 32°, year (thousands).... 10.0— 26.0+ 
38 Remainder summation above 39°, fs (thousands)...... Pes 14.5 
39 Exponential summation, fs (hundreds)............... 2.4 15.4 
40 Physiological summation, fs (thousands)............. 21.0 31.1 
41 Absolute minimum armpimcts cay ee ee eee —65 +41 
43 Normal daily mean, coldest 14 days of year (°F.)..... 0 69 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.8+ 
45 Normal idailysmiepmyr yeni Ho) ce een ent enren renee 35 75+ 

Precipitation: 

46 Normalidaily.mean,-/s"(inch) seperate ee eee .009 .199 
AT Normal No. rainy days (over 0.10 inch), fs........... 0 284 
48 Normal No. dry days (0.10 inch or less), fs........... 0) 257 
49 Dry days, percentage of total, fs (per cent)........... 0 100 
50 Days in longest normal rainy period, fs.............. 0 256 
51 Days in longest normal dry period, fs................ 0 258 
52 Mean-totalryean (inches). oo se cis ae 10— 60+ 
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TaBLE 51.—Climatic extremes for region with no species of Microphyllous trees—Continued. 


70 


Evaporation: i 
Daily mean, 1887-88, fe (inch)...................... Re ican 
Total annual, 1887-88 (inches).................. 18.1 100.6 

Moisture ar x 
Normal PES faieirascan ee cette A Te ee ee 
Normal e/ Bostic cio cree een eke an, aris 04 ee 
Normal P72, year. oon Seer EG AY ees “09 4.90 

Vapor pressure: 

Normal mean, fs (hundredths inch).................. 183 707 

Humidity: 
aie Moan f{S(DErContow crease eee ee 22.6 87.5 

ofrmal mean, year (percent)... c oe ee ee 2 

Sy D ) 9.7 86.8 
Normal mean hourly velocity, fs (miles)............. Sina 16.4 

Sunshine: 
Normal total duration, fs (hours)................... bey 2,615 

Moisture-temperature indices: 
Normal P/E XT, fs, remainder method.............. 13 1,566 
Normal P/E XT, fs, exponential method............. 17 13,511 
Normal P/E XT, fs, physiological method............ 197 24,265 


70 
72 


Plate | Temperature: 


Days in normal frostless season (fs)................. 
SS Rey aro bg Pak fo Ses ok Ais Sh tea eae gar ee LE AR Oe 
ENS OE INEY Se care ait ee esl ee Rae I RA I A 
Remainder summation above 32°, year (thousands)... . 
Remainder summation above 39°, fs (thousands)...... 
Exponential summation, fs (hundreds)............... 
Physiological summation, fs (thousands)............. 
PN DBOMILS MINIT errata ace ae erases nietale/o Giles eee temwomers 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily;mean, year (CE .) 5s cla. fo icroy~ oceiain (ays, yes «154° 
Precipitation: 
Normal daily Gan, 8) RCD) e208 wiayay sin ayexe/euaiel> cisjeutas «ae 
Normal No. rainy days (over 0.10 inch), fs........... 
Normal No. dry days (0.10 inch or less), fs........... 
Dry days, percentage of total, fs (per cent)........... 
Days in longest normal rainy period, fs.............- 
Days in longest normal dry period, fs...........+-++- 
IVE GAMELOLAI EVAL (ITICHES) ci cena: eceysietern ais >. 6 oe alate alececitai 
Evaporation: 4 
Dailyamenwed 657-5507 (MLC) <.oro\cral a)! elas) <ka/arelelajalelw-eleys 
Total ANRUAL) LOS7— SS (ANCES). a. o's a6 cisins wielsia a ateie eae 
Moisture ratios: 
ENormn BMPs, $8 setgy «ces ered tel Oe Riese. « lelale alle oiosabeuciaate 
iNormaliay) Beis once «cr ae cle.cassepatentne Mle mie ietsnGha:s 
Normale erveare ae. aici c. «atetatepekdlel> (ele) =a cath teeta 
Vapor pressure: 
Normal mean, fs (hundredths inch).........-...4.--- 
Humidity: 
Normal mean, fs (per cent)........--+2e2eee eee eeeee 
Normal mean, year (per cent). ......--+--+eeeeeeees 
Wind: 
Normal mean hourly velocity, fs (miles)............. 
Sunshine: 
Normal total duration, fs (hours)........--+-.+++-++:+> 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method.............- 
Normal P/E XT, fs, exponential method..........-.- 
Normal P/E XT, fs, physiological method............ 
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TapLe 53.—Climatic extremes for region with 5 to 9 species of Microphyllous trees. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)..........-..-- 226 323 

35 HOtiGaysy Searcher ele ewaterebelctthels: sis crore pant Ecaaemers 156 218 

36 Cold daiyen/siicctieers sioteiichee ehatecals ciavci shar seme aoee tars 0 0 

37 Remainder summation above 32°, year (thousands) .. 18.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)... . 7.6 1023 

39 Exponential summation, fs (hundreds)............. 8.3 11.8 

40 Physiological summation, fs (thousands)........... 15.0 21.4 

4l 1A bsolwte manimn Ute ae cetee cece ccarels euate eie cue ekeuieaaes —5 +22 

43 Normal daily mean, coldest 14 days of year (°F.)... 43 54 

44 Normal daily mean, hottest 6 weeks of year (°F.)... 71.6— 78.8+ 

45 Normalidatly mean; year (CF 2) esse > ee ecient 65 — 70+ 
Precipitation: 

46 Normalidailyamean, 7S Gnch)- a.m eee .020 .080 

47 Normal No. rainy days (over 0.10 inch), fs......... 2 1004 

48° Normal No. dry days (0.10 inch or less), fs......... 211 259 

49 Dry days, percentage of total, fs (per cent)......... 77 99 

50 Days in longest normal rainy period, fs............ 2 30 

51 Days in longest normal dry period, fs.............. 75—4 124 

52 Mean total, year Gnches) s.cc6 ofes oan ie eee 10— 40 
Evaporation: 

53 Daitly-mean, 188/—88, fs-Gneh)2.5-. 262 ae eee ee .118 . 260 +24 

54 ‘Total annual. S8i—os. GnChes) <.eacee es oe eee 38.0 95.7 
Moisture ratios: 

58 Normal-P/ Ey {esd st os oe eee re ee oho .65 

59 INOrmal a Ee fe som ke, tore elcten anv ane ets a reo ee 13 aye? 

60 Normal: B/E sy earl, 6 mariat accar ce ee ee ee .03 .70 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................ 300 675 
Humidity: 

65 Normal/mean; /s(per ceng) a peme eee ee eae Seal 81.9 

66 Normalanean, year (per cent) ieee eee eee 38.7 82.1 
Wind: 

68 Nosmal mean hourly velocity, fs (miles)........... 4.5 1233 
Sunshine: 

69 Normal total duration, fs (hours.................. 2,300 + 2,300 + 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method............ 98 737 

71 Normal P/E XT, fs, exponential method........... 906 6,690 

72 Normal P/E XT, fs, physiological method.......... 1,790 13,926 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 


Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 

Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), ts 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
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TaBLE 54.—Climatic extremes for region with 10 or more species of Microphyllous 
trees—Continued. 


70 
71 
72 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normals BiB: [8 salon 28 Sass NO ee ee ee 
Woruiah wpiiese:. bo. s Gramma dhe ok eed, Sok, 


Siawimielare ial ale) esueieis si) < ileisiens 


Vapor pressure: 

Normal mean, fs (hundredths inch).................. 
Humidity: 

Normalimesan, 7s (per Cent)4.maecnon tees hoe eat 

Normal mean, year (per Gent) .ca.0-n.40e.eseeee 
Wind: 

Normal mean hourly velocity, fs (miles)............. 
Sunshine: 

Normal total duration, fs (hours).+................. 
Motsture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 

Normal P/E XT, fs, exponential method............. 

Normal P/E XT, fs, physiological method............ 


TaBLE 55.—Climatic extremes for region with no species of a selected group of 15 deciduous 


fee ele es Ee ee ee ee 


trees of the southeastern states (South). 


Temperature: 
Days in normal frostless season (fs)................. 
OGRA VBS Sereetn eee ta tcfate thea ara. aie harear ed lhe one ee oe 
Gol ag aya Seana ere goes ene ae tors rds boa ots @ iors eaters 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands)...... 
Exponential! summation, fs (hundreds)............... 
Physiological summation, fs (thousands)............. 
PX DBO LIT be arOLINITA ITY Seto Pieat ie ter cite teis ote eo eae 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal caibyemean, year (Cl)... emess veer ase - 
Precipitation: 
Normal datly;meany fs (GNCh) tela. eeu ale ces tesa flee 
Normal No. rainy days (over 0.10 inch), fs........... 
Normal No. dry days (0.10 inch or less), fs........... 
._ Dry days, percentage of total, fs (per cent)........... 
Days in longest normal rainy period, fs.............. 
Days in longest normal dry period, fs...............- 
Weanntobaleyecar GNC ES) >. cterste oteisenersmis tis aes aya «a ere 
Evaporation: 
Dailysmeanye So1—S55. 18) (AMON). 2. ;7eis silence eels clam ei 
Total annual’ 1887-88 (ineches)....2206..0..60-4..4+% 
Moisture ratios: 
HINorrnma ei lophoy aie after seer anc esear teeny pansy a, fecraee Seavert ere 
IN Gu OR Lg HSN Es & cuppa cuelcat ere ca ne Ra tC 
Nominal YOO, SET 5 an nosdocue hobaddb ssn daddole dads 
Vapor pressure: 
Normal mean, fs (hundredths inch)...........-...... 
Humidity: 
Normal mean. (s (per Gelb). .scscs sec + sate ee 
Normal mean, year (Der Cent) 2.2.24... se% = «atte a 
Normal mean hourly velocity, fs (miles)............. 
Sunshine: 
Normal total duration, fs (hours)..............-.-:-. 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method.............. 
Normal P/E XT, fs, exponential method............. 
Normal P/E XT, fs, physiological method...........- 


2,300 + 


1,155 
10,877 
23,000 +4 


High. 
365 
365 


1,200 + 
11,000 +4 
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Tasie 56.—Climatic extremes for region with no species of a selected group of 15 deciduous 
trees of the southeastern states (North). 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs)........+-.-++++-- 25 316 

35 Hob: dayay. fSice « ake cre creo oeslaje once ose @ on, Se Notts eer s 0 173 

36 (Olas stn i he Pinetree cia ha amour aa cor Gacdde caoos docu 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0 11.5 

38 Remainder summation above 39°, fs (thousands)...... 2.6 10.0 

39 Exponential summation, fs (hundreds)............... 3.0 11.8 

40 Physiological summation, fs (thousands)............. p yest 20.6 

41 PW ovyosuur'cws csvhclbesibuen pperere eres eS yy oy crc —59 +22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 54 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normalidaily mean; year! (CH .)\. smc =) clitoral etten 35 70+ 
Precigitation: 

46 Normalidaily mean fs (neh): ote telnet teret ele .009 -199 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 199 

48 Normal No. dry days (0.10 inch or less), fg........... 19 294 

49 Dry days, percentage of total, fs (per cent)........... 11 100 

50 Days in longest normal rainy period, fs.............. 0 172 

51 Days in longest normal dry period, fs................ 4 299 

52 Mean: total Syear Gnehes)).:.s1.. tepetetctele cts) e oie erenrieiet= aie 10— 60+ 
Evaporation: 

53 Daily mean, 1887-88, 78 (WOH). tess oie ees siete &) > .052 . 349 

54 ‘Total‘annual}1887—88" Gnehes)a..4. ««-s1) electors @ aie ole 18.1 101.2 
Moisture ratios: 

58 NormalSP/Efexte ie ree te ee ee ae oe .04 3.84 

59 Normalan / Be fasocnsnnn cot eee sata inten tos oes 06 1.52 

60 Normals? Bayearenccire cic re ene te eee eee .03 4.90 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 183 425 
Humidity: 

65 Normal’mean, fs(per: cent) <- oeae e oes ee ee 22.6 87.5 

66 Normal:mean, year (percent) ....<.csens- cos cee ce ee 29.7 86.8 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.3 72 
Sunshine: 

69 Normal total duration, ys(hOurs) ean ae ease eee: 1,134 2,995 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 1g! 1,566 

71 Normal P/E XT, fs, exponential method............. 127 11,724 

72 Normal P/E XT, fs, physiological method............ 197 7,475 


TaBLE 57.—Climatic extremes for region with 1 to 11 species of a selected group of 16 
deciduous trees of the southeastern states. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)............-.... 145 331 
35 Hot dayer jets Se icsacmienmons os Coon eee 47 218 
36 Gold Gaysryas ccm cst temic s aan Ce ene eee ee 0 112 
37 Remainder summation above 32°, year (thousands).... 11.5— 26.0+ 
38 Remainder summation above 39°, fs (thousands)...... 4.4 10.3 
39 Exponential summation, fs (hundreds)............... 4.7 LENG 
40 Physiological summation, fs (thousands)............. 5.4 21.4 
41 A bsolutetminimumbr. cece ees ot eee ee —32 412 
43 Normal daily mean, coldest 14 days of year (°F.)..... 18 53 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 78:8+ 
45 Normal daily mean) year (Ch). co eee 50—- 70+ 

Precipitation: 

46 Normallidaily; mean 7ss anche eee eee .052 170 
47 Normal No. rainy days (over 0.10 inch), fs........... 254 256 
48 Normal No. dry days (0.10 inch or less), fs........... 0 259 
49 Dry days, percentage of total, fs (per cent)........... 0 902 
50 Days in longest normal rainy period, fs.............. 25 —4 256 
51 Days in longest normal dry period, fs................ 0 1004 


52 Mean totallvyeart (inches) icracse eens eeen anne 20— 60+ 
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TaBLE 57.—Climatic extremes for region with 1 to 11 species of a selected group of 15 
deciduous trees of the southeastern states—Continued. 


Plate | Evaporation: 
53 Daily mean, 1887-88, fs (inch) 
54 Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 


Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 3,000 +2 
Normal P/E XT, fs, physiological method 3,0002 24,265 


TaBLe 58.—Climatic extremes for region with 12 to 14 species of a selected group of 15 
deciduous trees of the southeastern states. 


Plaie | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 179 328 

35 AGE AVE yy Sater ote Siienien evo rena oacode eS oe 147 192 

36 CoOlddaversepmuncr cere see eo oe ote eee 0 0 

37 Remainder summation above 32°, year (thousands)... . 18.0+ 26.0— 

38 Remainder summation above 39°, fs (thousands)...... fess) 9.9 

39 Exponential summation, fs (hundreds)............... heat 10.8 

40 Physiological summation, fs (thousands)............. 13.6 19.3 

41 PA DBOLU COMIN MNUTA mete mies ease aie cic tts ore ar seis oes —18 +10 

43 Normal daily mean, coldest 14 days of year (°F.)..... 354 53 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ 78.84 

45 Normal daily mean, year (CE). .cscssessecscecrs csc e 60 — 65+ 
Precipitation: 

46 Vonmal dally meanyss \INCH)ee ices sere sess sce eae. + .119 .159 

47 Normal No. rainy days (over 0.10 inch), fs........... 166 284 

48 Normal No. dry days (0.10 inch or less), fs........... 26 88 

49 Dry days, percentage of total, fs (per cent)........... 8 34 

50 Days in longest normal rainy period, fs.............. 95 196 

fopl Days in longest normal dry period, fs................ ys 34 

52 Mean Ovals Var: CNOHES), dase .cc: ones 526 6 2 [6%s los: loae salut s'jone 50— 60+ 
Evaporation: 

53 ID) ailvemeaneel 887-88, 78 UGD) if. sos, cus seie cstateketata ciate ts Sb les .165 

54 Total annual, 1887-88 Gnches) oo ewe. ose e ae cewewnes 38.4 50.0 
Moisture ratios: 

58 Normale Bila sets aetna eo eaes < bere arATL ee .75 1.35 

59 Normal vag peas 8 rte onset ae il ohh at eeael tCNe 92 1.47 

60 Norm ales /Paey Cae ces arse) oss sic stegueneetetelels steko. cae ; 1.00 1.33 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 545 588 
Humidity: 

65 Normal mean, fs (per cent). .......0.0sceescceereeee (aes 79.0 

66 Normal mean, year (per cent).........-+---eeee eee 71.8 80.1 
Wind: , 

68 Normal mean hourly velocity, fs (miles)............- 6.3 8.0 
Sunshine: 

69 Normal total duration, fs (hours)........----+++++5+ 1,895 2,301 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method............-- 593 1,304 

7al Normal P/E XT, fs, exponential method............. 5,253 11,956 

we Normal P/E XT, fs, physiological method...........- 10,837 23,381 


| te i i oS ee Ee 
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Tape 59.—Climatic extremes for region with all species of a selected group of 15 deciduous 
trees of the southeastern states. 


Plate | Temperature: Low High. 

34 Days in normal frostless season (fs)........-..------ 241 335 

35 HOt hays noi 5 ore were pe tchickcetterin oh ar octet stare) ata es To Neonat tae 176 191 

36 Cloldidayisit [sr terctelsiols super asta inaekeeatene ieee noets 0 0 

37 Remainder summation above 32°, year (thousands).... 18.0+ 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 8.7 9.3 

39 Exponential summation, fs (hundreds)............... 9.5 10.3 

40 Physiological summation, fs (thousands)............- 17.3 18.9 

41 iMoy-olthyraseavuatssviee! phone ober Conan ere oe EO Beocs -—3 +22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 49 57 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ one 

45 Normal daily-meanw year (CB) pecs eine teeter 65+ 70+ 
Precipitation: 

46 INormalidary= means (310) leverages eeer-cs ere rt arener ere .147 .172 

47 Normal No. rainy days (over 0.10 inch), fs........... 165 248 

48 Normal No. dry days (0.10 inch or less), fs........... 28 95 

49 Dry days, percentage of total, fs (per cent)........... 11 51 

50 Days in longest normal rainy period, fs.............. 137 235 

51 Days in longest normal dry period, fs................ 17 37 

52 Mean total, “year Gnehes)\...ac.es ose es eee 50 — 60+ 
Evaporation: 

53 Dailyamean [887-687 SNC) Uap cisiicis sie een ete ol aeeete .124 .146 

54 Total-annual. 1887-881 Gnehes) 2. oe ee oe tretete s cle aera 4208 50+4 
Moisture ratios: 

58 Normal PY Er JS ascesnrn octane mses avon esto) ote tata es Seat oyels aE 1.08 P36 

59 Normal ah a(s iis dies Sealed oar ag Metis erase belts 1.52 

60 Normaler Pity Cartas. woes ores on orate eee aes .07 1.47 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 599 612 
Humidity: 

65 . Normalimeans fs: (pet cent) eames sho ae ee ee eleieeiee 76.8 80.6 

66.4) Normal mean; year (per cent). .)..--eyoioe Sees 19.5 80.9 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. eel 9.7 
Sunshine: 

69 Normal total duration, fs (hours)... s26.0e 42 ose s es 2,100 —4 2,300 +4 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. ie Bic 1,314 

thal Normal P/E XT, fs, exponential method............. 10,175 12,106 

72 Normal P/E XT, fs, physiological method............ 20,465 23,652 


TaBLE 60.—Climatic extremes for region with no species of a selected group of 13 deciduous 
trees of the eastern states (North and West). 


Plate | Temperature: 


! Low High. 
34 Days in normal frostless season (fs)............-...- 25 318 
35 EL Oba yS; FS te Coc ctanalehoal otal cts Rhea aera ae ee 4 Pit 
36 Cold? dayatyise Sistine. oi ote ner noe ae eee eee (0) 158 
37 Remainder summation above 32°, year (thousands) .... 10.0— 26.0 
38 Remainder summation above 39°, fs (thousands)... ... 2.8 TOR 
39 Exponential summation, fs (hundreds)............... 291 1,184 
40 Physiological summation, fs (thousands)............. 1,947 20,640 
41 Absolute minimum). <<) /cst cue esses ee —49 499 
43 Normal daily mean, coldest 14 days of year (°F.)..... 0 54 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
45 Normal idaily*meany year (ch) seeds deine eee ene 35 70+ 
i a ee 

ormalidaily means 7s (Gnch) aide meen ae een oe 2 
47 Normal No. rainy days (over 0.10 inch), fs........... 0 a 199 ae 
48 Normal No. dry days (0.10 inch or less), fs........... 48 294 
49 Dry days, percentage of total, fs (per cent)........... 27 100 
50 Days in longest normal rainy period, fs.............. 0 99 
51 Days in longest normal dry period, fs................ 54 299 
52 Mean total, year (Gnches)s nese atte eee eee 10 — 30+ 
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TABLE 60.—Climatic extremes for region with no species of a selected group of 13 deciduous 


trees of the eastern states (North and West)—Continued. 


Evaporation: Low. 

53 Dailyameany 1887—88) fs (inch)... ..2coceeteckss snes 052 

54 Motal.annual) 1887-88 (inches) .....<csccsccececaccee 18.1 
Moisture ratios: 

58 INormalBR EMIS Senki. eset ees Cee a oleae Ste Fae .04 

59 Normal aera cratcisests steer ete ieee ee .06 

60 Normal@e ii veatns stam tt can ohne ee ee .03 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 183 
Humidity: 

65 Normalsmean, jet (pemcentacisee etek one a eee ae 22.6 

66 Normal meun.vear (per cent)is .. css eo.s6 ck oe 29.7 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.5 
Sunshine: 

69 Normal! total duration; fs (hours). 522.45. sects 1,134 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 13 

71 Normal P/E XT, fs, exponential method............. 127 

(@ Normal P/E XT, fs, physiological method............ 


TaBLE 61.—Climatic extremes for region with no species of a selected group of 13 deciduous 
trees of the eastern states (South). 


Plate | Temperature: Low. 

34 Days in normal frostless season (fs)................- al2 

35 Tater Gb ELD hia Beg Sp eet ae ae eae weet eae aes ee eee 285 

36 (CONG Ure ati a fim ee oe SORA EN ea eee RAC Pe APE ES 0 

37 Remainder summation above 32°, year (thousands).... 26.0 

38 Remainder summation above 39°, fs (thousands)...... 11e3: 

39 Exponential summation, fs (hundreds)............... 1,260 

40 Physiological summation, fs (thousands)............. 24,872 

41 PR DSOL bey MORTATUTE ore sahara sa Aa teh aileron) sucve Siayohans'e. Gots ors +19 

43 Normal daily mean, coldest 14 days of year (°F.)..... 60 — 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 738.8+ 

45 Normal daikyomean,, year: (CH .)).. .1< Asxokoiarers 2x5:eyutis aianai one 70+ 
Precipitation: 

46 Normal daily mean, fe Gueh):.. . fc f. ye 62 ie oie see wieje .106 

47 Normal No. rainy days (over 0.10 inch), fs........... 161 

48 Normal No. dry days (0.10 inch or less), fs........... 84 

49 Dry days, percentage of total, fs (per cent)........... 26 

50 Days in longest normal rainy period, fs.............. 112 

51 Days in longest normal dry period, fs................ 19 

52 WMienm total veal (INCHES). sae 1p esate cis ee «ie cre new = «) 06— 
Evaporation: 

oS Waily Anes ss saos7 Sr GULCH). aieisiere athe diel aemete Peer es . 140-4 

54 Motalearmiis! 1857-85 (AMCs) = tee ayeele + ele eitie eo .0 ¢ 50-4 
Moisture ratios: 

58 WN Growilh (PINES pega ena Or BOROE Oo uncol ng ari 75 

59 INonsnalian/ ln 1s seein acacia sa et ee ere re 75 

60 Normal Pye vearh aac so theater eta erie ee 75 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 650 —2 
Humidity: 

65 Normallamean, fs (percent) jc. ast eee ee es ee bere at 

66 Normal mean, year (per cent) .......-.---se see veees TWA 

68 - Normal mean hourly velocity, fs (miles)............. 8.0—4 
Sunshine: 

69 Normal total duration, fs (hours)..............+.54- 2,300 + 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 1,155 

71 Normal P/E XT, fs, exponential method...........-. 10,877 

72 Normal P/E XT, fs, physiological method............ 23,000 + 


1,200 +4 


11,000 + 
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TaBLe 62.—Climatic extremes for region with 1 to 7 species of a selected group of 13 deciduous 
trees of the eastern states. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs).......-...-+2++- 85 335 

35 PROG ay eit fa itecuateoieia avecevsisiest epayein: nue) <)'o) sys oo ohoaoe ana etoceen 0 226 

36 Cold daysrysznr. suemirmert at OR rah ete seis eVect oles auc oS 0 150 

37 Remainder summation ab ve 32°, year (thousands).... 10.0— 26.0+ 

38 Remainder summation abcve 39°, fs (thousands)...... 2.6 10.6 

39 Exponential summation, fs (hundreds)............... 3.0 1b EYA 

40 Physiological summation, fs (thousands)............. 2.1 21 °4 

41 IA Dsoltite meni ae.arre nee ctarrie e/a areola eet ake —59 +22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 57 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.8+ 

45 Normal dailyzmean; year. (cl) ace cists else oeteneisie asker 35 70+ 
Precipitation: 

46 Normaldailyamean, /s.0nch). -s eeieerie aie eee ee 077 5172 

47 Normal No. rainy days (over 0.10 inch), fs........... 13 284 

48 Normal No. dry days (0.10 inch or less), fs........... 28 259 

49 Dry days, percentage of total, fs (per cent)........... 8 92 

50 Days in longest normal rainy period, fs.............. 14 235 

51 Days in longest normal dry period, fs...............- 11 88 

5) Mean total sveari(inches)icc) cecilia cit aca 20— 60+ 
Evaporation: 

53 Daily means 1S8s—Seo 7s GNCh) scene eee te aera eee .084 .188 

54 ‘Totalannual s188-—788 Gnches) see -eer-eise atone ee ke 22 ok 54.4 
Moisture ratios: ‘ 

58 Normale / Eh 3 es ties ere AAT PMA Daag onars .39 1.36 

59 Normalace/ Hafan beet oe ee ee ee .43 1.52 

60 Normal P/E yearn rote ena eee eee .38 172 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 322 675 
Humidity: 

65 Normal’mean;, fs (per: cent)=-+- ssc) oe e ee Caeeee 53.2 81.9 

66 Normal mean, year (per cent)...:..........-.....-. 59.8 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. Ook 12.4 
Sunshine: 

69 Normal total duration, fs (hours) s- ce eco eee Coen 1,225 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 179 1,314 

71 Normal P/E XT, fs, exponential method............. 1,711 12,106 

72 Normal P/E XT, fs, physiological method............ 2,747 23,652 


TaBLE 63.—Climatic extremes for region with 8 to 12 species of a selected group of 13 deciduous 
trees of the eastern states. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 


Remainder summation above 32°, year (thousands)... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 

Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
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TABLE 63.—Climatic extremes for region with 8 to 12 species of a selected group of 18 deciduous 
trees of the eastern states—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


TABLE 64.—Climatic extremes for region with all species of a selected group of 13 deciduous 
trees of the eastern states. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)............-.06- 124 231 

35 PAL OEIC Harter ets oe eee eho anes bobs Seb onn Eee 47 141 

36 Woldtd Ayan Seacteers cfs eecleieso ei sie Oe cis piace ene ates a alae 8 0 109 

37 Remainder summation above 32°, year (thousands).... 11.5— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 3.9 7.0 

39 Exponential summation, fs (hundreds)............... 4.0 6.9 

40 Physiological summation, fs (thousands)............. 5.4 15.0 

41 PA PSeL Ube RITE EDIVITE Sines eo tele ms ons ca erate "ope. Placercad) cterevs —38 +4 

43 Normal daily mean, coldest 14 days of year (°F.)..... 16 45 

44 Normal daily mean, hottest 6 weeks of year (°CF.)..... 71.6 78.84 

45 Normal daily mean, year (CE.)...<badsnh. am ciiees «% 45 60+ 
Precipitation: 

46 Normal daily-mean, fs Gnch)* «-) ters). ee ee eles oe .095 -131 

47 Normal No. rainy days (over 0.10 inch), fg........... 49 166 

48 Normal No. dry days (0.10 inch or less), fs........... 19 125 

49 Dry days, percentage of total, fs (per cent)........... 11 72 

50 Days in longest normal rainy period, fs.............. 23 140 

51 Days in longest normal dry period, fs................ 4 56 

52 rear oval eyearlAnGhes) mrdcrs tele i taieveveus se slslaieisiereustels 40— 60+ 
Evaporation: 

53 Daily aNeariy les 78s 75 UCI) snc. «12's 2) 6's cles sl een .108 . 200 

54 Total annualy 185 7—s |GMChES) ones. osloiseis ie sieeje es sie 25.2 54.8 
Moisture ratios: 

58 IN ore EPL AF ine msg loner shteen Ord DobOdeuadt 61 1.30 

59 INayeTneN pM Fs ct, bid kO 0.00 eho seen O tO ice ret .60 1.50 

60 INorrialaie/ Hey eavn cies ainda ces tece arere s pcg netchere AP) 1.85 
Vapor pressure: 

63 Nodal mean, fs (hundredths inch).................. 405 520 
Humidity: 

65 Normal mean, fs (per Cent) ..5... 06. oes eee ee wen ee 65.6 84.0 

66 Normal mean, year (per Cent). ......-.seeeeeeeeeeee 69.0 81.4 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.2 12.9 
Sunshine: 

69 Normal total duration, fs (hours)........-.+.e++see- 1,403 1,836 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method...........--. 303 707 

a Normal P/E XT, fs, exponential method............- 2,914 6,858 


72 Normal P/E XT, fs, physiological Met hodwnnery sewer 4,511 10,241 
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Taste 65.—Climatic extremes for Pinus teda, area 1. 


Plate | Temperature: Low. High 

34 Days in normal frostless season (fs)..........-.----- 106 335 

35 Hotidays: (sce se caren one mae eee ee eer ete meee 91 226 

36 Gold days/stq set-in se eres aoe ioet oer rire. 0 Zi 

37 Remainder summation above 32°, year (thousands).... 18.0— 26.0 

38 Remainder summation above 39°, fs (thousands)...... 5.1 10.8 

39 Exponential summation, fs (hundreds)............... 5s eG Real 

40 Physiological summation, fs (thousands)............. 8.4 21.4 

41 (Absolute aniimimmUnis osc co oe oe eee cia eee —15 +22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 32 57 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8— 78.84+ 

45 Normal daily mean, year (CH .)) 2-1 eee ee eee 55 70+ 
Precipitation: 

46 Normalidailymean, 3 (inch) = cpr cee sarees eee .110 .172 

47 Normal No. rainy days (over 0.10 inch), fs........... 91 248 

48 Normal No. dry days (0.10 inch or less), fs........... 28 170 

49 Dry days, percentage of total, fs (per cent)........... 11 51 

50 Days in longest normal rainy period, fs.............. 47 233 

51 Days in longest normal dry period, fs................ 16 78 

52 Mean total syearsGnches),2...2b eee ecide sisetsinieie sete a ae 40 — 60+ 
Evaporation: 

53 Dailyameanw183/—S8S17 eC) ree cciece see ieee ae .084 .138 

54 Total annualatSs7—ss anches) =. essere een eee 2522 49.5 
Moisture ratios: 

58 INormalP/ Heysnc. decree ee ee ee eee CE eee .76 1.36 

59 INormalia Bie fa myrcae sae crcncrae a eek sei the ee nee ee .87 1352 

60 Normall PAH RV ean. csicesce oaic sacri ae ee -90 1.62 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 460 612 
Humidity: 

65 INormalsmesan,/8.(pericent) eeewaa eeioes oe ee eee 68.6 80.6 

66 Normal mean, year (per Cent) <aaieshis ne. eee Fee reise 80.4 81.4 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. Dak 9.6 
Sunshine: 

69 Normal total duration, js)(hours) s-2-2 Gen oe ae 1,646 2,300 +4 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 4,540 11,722 

“Al Normal P/E XT, fs, exponential method............. 5004 7 (i) 

ve? Normal P/E XT, fs, physiological method............ 7,947 23,155 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 


Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 

Physiological summation, fs (thousands) 


Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 

Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
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TABLE 66.—Climatic extremes for Pinus teda, area 2—Continued. 


Evaporation: Low. High. 
Daily mean, 1887-88, fs (inch)...................-.. .123 Sly 
Wotalanniual) 1887-88 Gmches)).-.......4..s-00..1 se. 37.0 56.6 

Moisture ratios: 

DNGOTa AE Ry MOR EPA OD Sct no Ai nA atl gD Aaa ORE We 1.35 
IN Orme HB (Screens oe ee et .88 1.47 
INQEMIaIEE EE Vv OAT Seen in stra eee en Om Ae .90 1733 

Vapor pressure: 

Normal mean, fs (hundredths inch).................. 500 622 

Humidity: 

Normalimean,./s1(per ceno-. arse. a: soe ee 71.0 80.2 
INormaiimean, year (per cent) ; .ao4c. sora soo Chili 85.2 

Wind: 

Normal mean hourly velocity, fs (miles)............. 3.0 11.0 

Sunshine: 

Normal total duration, fs (hours)................... 1,946 2,650 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 5,175 10,331 
Normal P/E XT, fs, exponential method............. 549 1,196 
Normal P/E XT, fs, physiological method............ 9,686 20,570 


TaBLE 67.—Climatic extremes for Pinus teda, area 3. 


Temperature: Low. High. 
Days in normal frostless season (fs)................. 188 310 
18 CANS HG SER ERM EVs alte nee eC Oe ae ER CR AP eS ele a 157 192 
Cola Gay Ste eects eee eee ee ee Se 0 0 
Remainder summation above 32°, year (thousands).... 18.0+ 26.0 — 
Remainder summation above 39°, fs (thousands)...... 7.4 8.1 
Exponential summation, fs (hundreds)............... 8.0 10,3 
Physiological summation, fs (thousands)............. 14.6 18.9 
FALUBOLIIGE TITIDITIRUTTED rs 5 soca o-5, avecol ME aeN ate bls teats th ote et —15 +20 
Normal daily mean, coldest 14 days of year (°F.)..... 45 52 
Normal daily mean, hottest 6 weeks of year (°F.)..... 78.84+ te 
Normal daily mean. year (CH: )itas 252.640 ss siee ne ones « 60 65+ 
Precipitation: 
INormalidany:meanm,, js (Gnch): . . sera cide suiaete cere © oe pio .158 
Normal No. rainy days (over 0.10 inch), fs........... 154 226 
Normal No. dry days (0.10 inch or less), fs........... 45 92 
Dry days, percentage of total, fs (per cent)........... 20 34 
Days in longest normal rainy period, fs.............. 69 131 
Days in longest normal dry period, fs................ 24 63 
IMieanttotaley oar (inches) -uarhic cadre cites = suste se clearness 40 50+ 
Evaporation: 
Datlhy mean 1887—-o6, 76 UNC) ...:.40.0 0.6. «elem cele eee .138 .154 
MPotalannual 1 SS¢—SSr ANCRES)) csiscicrw wise ere ic seve © ave ere hs AS 2) 48.8 
Moisture ratios: 
58 INOTMAlE Eni aes 2c eae ae Pees eps RS 85 1.08 
59 IN(@i gente 1 OR Ne SERIE E or e.c cai Orie mind ocak .89 1.19 
60 Norm aluiy/ Be Vear pos is Wore uve era une. alee 91 Thess 
Vapor pressure: 
63 Normal mean, fs (hundredths inch).................- 565 610 
Humidity: 
65 INormalimedns (8 -CDEbsCENU) ars etree aieusletenan ysl sfelatatacetatlel os Ct ihe No) 
66 Normal mean, year. (per cent)... 0.6. ......5...s06-5 72.9 78.3 
Wind: 
68 Normal mean hourly velocity, fs (miles)............. 5.6 9.7 
Sunshine: 
69 Normal total duration, /s (hours)is)-.. 2020s 0.. oes 1,900 —4 2,500% 
Moisture-temperature indices: 
70 Normal P/E XT, fs, remainder method.............. 6,410 10,175 
71 Normal P/E XT, fs, exponential method............. 695 1,113 
13,0002 23,0002 


a Normal P/E XT, fs, physiological method............ 
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TABLE 68.—Climatic extremes for Pinus teda, area 4. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (f3)......-...+-+++++s 184 268 

35 Hot davis, fi ccsesfoe ce ore oon on ououetns ota che aotaneeaed aeegreae 128 152 

36 Cold: daya, JS eee ne oe leis alee orate ete ee erecta oleae 0 0 

37 Remainder summation above 32°, year (thousands).... 8.0-— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 6.5 hea 

39 Exponential summation, fs (hundreds)...........---- 7.0 8.0 

40 Physiological summation, fs (thousands)............. 12.3 13.8 

41 Absolute minimum. ......002+--+e2c6cesrrse+ ease —16 +13 

43 Normal daily mean, coldest 14 days of year (°F.)..... 38 46 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ 

45 INormalidailys means year cl.) mete ste <i etet eusene teria 55+ 65 
Precipitation: 

46 Normal’ dailymean, (8. neh), syste eestor eel ate elare aie lel nes: .170 

47 Normal No. rainy days (over 0.10 inch), fs........... 160 256 

48 Normal No. dry days (0.10 inch or less), fs........... 0 75% 

49 Dry days, percentage of total, fs (per cent)........... 0 26 

50 Days in longest normal rainy period, fs.............- 121 256 

51 Days in longest normal dry period, fs...............- 0 19 

52 Mean’ total, year (GmChes) o.oo: eres siacs one iohevatdie (alouiois coumus ote 50-— 50+ 
Evaporation: 

53 Daily mean; 1887-88; fs_Gnch) eos er es ashe aie ese = aero .096 VR: 

54 ‘Total/annuals.1887—88 \Gncohes) so. < sare kee aes eel 31.3 35:6 
Moisture ratios: 

58 ISN TYE WS 2G OS Pte i EE Ci IE PN RIE earl ee aa 122 1.76 

59 Normale/E.fasire cn Be eee eee 137 1.96 

60 Normal PUB ae years. .ctsrs ci orci< 0 ae eee cee 1.34 1.94 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 525 573 
Humidity: 

65 INormal means (8 (oer Cent) enema rere ees 74.1 82.7 

66 Normalsmean, year (percent) x). a eee ee ee eee (ee: 82.9 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6.4 1325 
Sunshine: 

69 Normaltotal duration, /sa(hours) seer oe 1,700 2,100+4 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 6,0004 13,511 

Ue Normal P/E XT, fs, exponential method............. 6002 1,418 

72 Normal P/E XT, fs, physiological method............ 9,000¢ 24,265 


TABLE 69.—Climatic extremes for Liriodendron tulipifera, region of infrequent occurrence 


(fringe). 

34 Days in normal frostless season (fs)................. 121 294 

35 PLO aya Sst concen meats vie ce UNC LN eee 46 183 

36 Coldidays ifs some coes tit sore ee eRe ee 0 ula be 

37 Remainder summation above 32°, year (thousands) .... 11.5— 18.0+ 
38 Remainder summation above 39°, fs (thousands)...... 3.7 8.7 
39 Exponential summation, fs (hundreds)............... 3.8 925 
40 Physiological summation, fs (thousands)............. 4.9 17.9 
41 PNo VS peoybabaiNK os «os oan ded datecaunbaddasssouc —38 +16 

43 Normal daily mean, coldest 14 days of year (°F.)..... 21 50 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.8+ 
45 Normalidsilysmeany year (chy) nee 45 70 

Precipitation: 

46 Normal dailyameans (20 nch) came eee .089 .170 
47 Normal No. rainy days (over 0.10 inch), fs........... 26 256 

48 Normal No. dry days (0.10 inch or less), fs........... 0 136 

49 Dry days, percentage of total, fs (per cent)........... 0 83 

50 Days in longest normal rainy period, fs.............. 21 256 

51 Days in longest normal dry period, fs................ 0 91 

52 Mean total; year Gnches)i.. senor neti 30— 60+ 
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TABLE 69.—Climatic extremes for Liriodendron tulipifera, region of infrequent occurrence 
(fringe)—Continued. 


Plate | Evaporation: ow Y 

53 Daily mean, 1887-88, fe (inch)............-..0...-.. ee! ere 

54 Total annual, 1887-88 (inches)...................... 27.6 56.6 
Moisture ratios: . 

58 Normalle/ Bela tcc. 3, a eee ae | Oe NE ‘ 

59 Norm alla LE ys eis. aa hte eee ee a ee 

60 INOKMALE yy vearce to manic ee 89 1.94 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 405 600 
Humidity: 

65 iINormalimeany/s: (percent) akueuen casero ae 69.0 82.7 

66 Normal mean, year (per cent).............-...ee00- 69.2 — 82.9 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.1 14.9 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,418 2,300 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 2,914 10,0002 

Al Normal P/E XT, fs, exponential method............. 301 1,418 

72 Normal P/E XT, fs, physiological method............ 3,819 24,265 


TaBLE 70.—Climatic extremes for Liriodendron tulipifera, region of greatest abundance 


(center). 
Piate | Temperature: Low. High. 

34 Days in normal frostless season (fs).............2-2: 145 PAE 

35 IIOTRA AVES meee eicns Ooi Ce De ead oe dank cos earn Ree 63 141 

36 Woldidavamsaeeee ee ck cc en ec ose bas oe 0 66 

37 Remainder summation above 32°, year (thousands).... 11.5+ 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 3.8 6.6 

39 Exponential summation, fs (hundreds)............... 3.9 “al 

40 Physiological summation, fs (thousands)............. Sve 12.9 

41 A DsOhibe MIRON: Ae fo e's ois as oie p epee he oii —28 —5 

43 Normal daily mean, coldest 14 days of year (°F.)..... 29 40 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8+ 

45 iNormal daily:mean;, year (CE) ss cccouievscore $eora lava leceipue <0, 50 — 60+ 
Precipitation: 

46 INormal:daily- mean, fs Gneh)'.n, 600 se cies ats saree dierne .099 plow 

47 Normal No. rainy days (over 0.10 inch), fs........... 120 166 

48 Normal No. dry days (0.10 inch or less), fs........... 19 83 

49 Dry days, percentage of total, fs (per cent)........... 11 48 

50 Days in longest normal rainy period, fs.............. 72 140 

51 Days in longest normal dry period, fs...............- 4 56 

52 INearmCO cal pyar GN CNEA) atl. 7 ote. /oat evista i aueie win Gusset eis 40 — 60+ 
Evaporation: 

53 Darlyameany LSSi-S8o,, (8 NCD) s «wales ee blas. sen ole sete o's 148 . 200 

54 Total annual, 1887—88 (inches). 4... 6006s 06sccce ces 45.5 54.8 
Moisture ratios: 

58 INT IVA Seis cece Eat a OI IRIE be CIO OGIO IONIC 51 87 

59 Nese) APHIS I i cas ome & OT RIERA BODIES Ob OD OEE .60 1.01 

60 IN (ors anell JEM OP Se Ae An ae PN eae Han boo SeeorN 72 1.09 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)...........-...+-- 438 520 
Humidity: 

65 Normal mean, fs (per cent)..........-+2eee screens 65.8 73.7 

66 Normal.mean, year(per Cent) . 2. 656 on oo cis ote > 67.5 75.7 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.1 9.0 
Sunshine: 

69 Normal total duration, fs (hours)..........-.++++:- 1,646 1,878 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method...........-.- 3,007 5,295 

71 Normal P/E XT, fs, exponential method............. 319 “* oe 


72 Normal P/E XT, fs, physiological method............ 5,513 as 
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Taste 71.—Climatic extremes for Bulbilis dactyloides, region of infrequent occurrence (fringe). 


Plate | Temperature: Low 

34 Days in normal frostless season (fs).....-...-+-+++++>- 94 

35 FG t: Aa yB.1 £8: 25 vols oeaice ous suecusys seisye ye whe sep -/ =e atoms caer 30 

36 Cold dayar gs. cht hpkiery ove aoe ac = eee 0 

37 Remainder summation above 32°, year (thousands).... 10.0— 

38 Remainder summation above 39°, fs (thousands)...... 2:9 

39 Exponential summation, fs (hundreds)..........--..- 3.0 

40 Physiological summation, fs (thousands)............. S27 

41 Absolute minimises netic eee. irae —54 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 

45 Normaledaily mean, year (CE) ec. ee oe iene settee terete 35 
Precipitation: 

46 Normal dailysmeamss/s (meh) eye ey ets oeter eee teta tara 054 

47 Normal No. rainy days (over 0.10 inch), fs..........-. 0 

48 Normal No. dry days (0.10 inch or less), fs........... 43 

49 Dry days, percentage of total, fs (per cent)........... 22 

50 Days in longest normal rainy period, fs.............. 0 

51 Days in longest normal dry period, fs.........-...... 13 

52 Mean: totaltyear (inches)... (2 s..vistrstatetensie stele 10— 
Evaporation: 

!5$8} Daily mean, 1887-88; fs (inch). ........2.0¢s++-:-+s- P02 

54 Total annuals Lesv—se Unehes) es esse eee tee eee 26.3 
Moisture ratios: 

58 Normalth// HZ sesaes 2 cine ot 2 cee a oer .20 

59 Normal’ 7/- Besse ee sere erat a a en 26 

60 Normal P/E ivear. tacts oc. oe hae oe ee wal 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 274 
Humidity: 

65 INormalimeany/s)(per.cent) cca ene eee 57.8 

66 Normalimean; year) (percent)... o ee ee ee Son 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.8 
Sunshine: 

69 Normal total duration, /sa( hours) aes eee L127 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 563 10,331 

71 Normal P/E XT, fs, exponential method............. 58 1,142 

73 Normal P/E XT, fs, physiological method............ 710 20,570 


TABLE 72.—Climatic extremes for Bulbilis dactyloides, region of frequent occurrence 


(subcenter). 

Plate | Temperature: Tow. 
34 Days in normal frostless season (fs)...............05 103 
30 Hob Gave salon sick tees scsi terre ie ee eee 4 
36 Cold -daysnfs 2h cc hyre ne eee Oe eee eee 0 
37 Remainder summation above 32°, year (heusacds) 11.5— 
38 Remainder summation above 39°, fs (thousands)...... 2.9 
39 Exponential summation, fs (hundreds)............... 3.4 
40 Physiological summation, fs (thousands)............. 4.8 
41 Absolute:minimUmisem ae eters eee ne een —44 
43 Normal daily mean, coldest 14 days of year (°F.)..... 6 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 
45 INormialidaily meni y.cs.ti (chi) semi te neen 45 — 

Precipitation: 

46 Normal dail yameam\syenin ch) eter O81 
47 Normal No. rainy days (over 0.10 inch), fs........... 21 
48 Normal No. dry days (0.10 inch or less), fs........... DO 
49 Dry days, percentage of total, fs (per cent)........... 36 
50 Days in longest normal rainy period, fs.............. 0 
51 Days in longest normal dry period, fs................ 20 
52 Mean! total years @nches) ae einen ae 20—- 
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TABLE 72.—Climatic extremes for Bulbilis dactyloides, region of frequent occurrence 
(subcenter )—C ontinued. 


Plate | Evaporation: Low. Fy 

53 Daily mean, 1887-88, fs (inch).............:........ 122 ete 

54 Total annual, 1887-88 (inches)...................... 31.0 55.4 
Moisture ratios: 

58 Normalee Lensatic oe Re etc ae) ee te Mes 44 91 

59 Mernialay) Baste Sen chee ea ae es vi 1.07 

60 Normale pMaevear scene & ote eee eee ee, ee 58 87 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 373 466 
Humidity: 

65 Nonmallmean 7 7si(per Gent) a = iccet.auei oe ee ae 59.4 67.8 

66 Normal'mean, year (percent)... sc.ncces ec kao 59.3 70.4 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 7.4 14,2 
Sunshine: 

69 Normal total duration, fs (hours)... ..0...< 26:60. see 1,127 2,057 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 1,590 3,781 

71 Normal P/E XT, fs, exponential method............. 100 —¢4 5004 

72 Normal P/E XT, fs, physiological method............| 1,000 —¢ 10,000¢ 


TaBLE 73.—Climatic extremes for Bulbilis dactyloides, region of greatest abundance (center). 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 120 BAL 

sD BCC VSG Gai hans nee aickaea Sic, oo whale SiGe a eledace ae a 85 114 

36 MECC AV Hat Stet co aticctas less ais.c0 © cieh old s.ahlitesta nee 0 129 

37 Remainder summation above 32°, year (thousands).... 11.5— 18.0 

38 Remainder summation above 39°, fs (thousands)...... 3.8 5.8 

39 Exponential summation, fs (hundreds)............... 4.6 6.0 

40 Physiological summation, fs (thousands)............. 7.6 10.7 

41 Absolute aninimurn see cc .cts et. eee rie cise Ole Sate —44 +7 

43 Normal daily mean, coldest 14 days of year (°F.)..... 14 34 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 78.8 

45 INeumalidailymen;mt,, year (H.) a. 0... ast cupne eee 2 45 — 60+ 
Precipitation: 

46 Normal day ment, (6) (NCD) o.).h, 46 il cues ee oe .070 .103 

47 Normal No. rainy days (over 0.10 inch), fs........... 13 57 

48 Normal No. dry days (0.10 inch or less), fs........... 60 140 

49 Dry days, percentage of total, fs (per cent)........... 46 92 

50 Days in longest normal rainy period, fs.............. 20 59 

51 Days in longest normal dry period, fs................ 38 88 

52 Bilieam hotel jy Car INCHES) ecivreye scm cetera) Syareteiniel oa es ere 20 — 20+ 
Evaporation: 

53 Daily means 1887—GSa7s Gnch) se. ss eee ols a ee lee .166 . 203 

54 Total annual, 1887-88 (inches). ....................- 41.3 54.6 
Moisture ratios: 

58 NGM ES i adores yee Une Aes CEO Ue Catan act .39 60 

59 INGoreriiell oan) EIA f 8 peel nie ret AR eek eel hohe camo octet ory 43 73 

60 IN@irall JOHOR SENS eg Se aan aah och cinco tae cue .38 51 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 370 431 
Humidity: " <y 

65 Normal mean® fs7(per Cent)... 2. ose e ewe ees owes 57 6 65.3 

66 Normal mean, year (per cent). .......--22.-.0000--, 64.7 66.9 
Wind: aa 

68 Normal mean hourly velocity, fs (miles)............. Sas 25 
Sunshine: 

69 Normal total duration, fs (hours)........-...-5+.05: 1,300 —@ 1,900 +4 
Moisture-temperature indices: f 

70 Normal P/E XT, fs, remainder method.............. 1,711 3,000 +4 

71 Normal P/E XT, fs, exponential method............ 100 —4 4004 

72 Normal P/E XT, fs, physiological Methods. 5 cual Lathes 2,000 —4 7,0002 
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Taste 74.—Climatic extremes for region of cumulative occurrence of four species of grasses 
common in the great plains. 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs)....----..----+-- 94 254 

35 HOt CAy8; [Bocce 3 ater ore oreo shee ene eit ay et hoe! ol neonate ints nations 4 173 

36 (OPIGUGER Ae pieict ooh dn obec ae oN Ono Oash seen 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0—4 18.0+2 

38 Remainder summation above 39°, fs (thousands)...... 3.0—4 8.0+4 

39 Exponential summation, fs (hundreds)............... 20 9.6 

40 Physiological summation, fs (thousands)............. Sher 17.6 

41 Absolute smminim Ukieeec en: cre ere ieee toda eee —54 +8 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 44 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6—4 78.8+4 

45 Normal datly means year (ol.) eee) eepetsiieteleteietetetet ater 40 —4 65 +4 
Precipitation: 

46 Normal dailysmean,/s (neh) seme tei aie .033 .143 

47 Normal No. rainy days (over 0.10 inch), fs........... 13 141 

48 Normal No. dry days (0.10 inch or less), fs........... 48 225% 

49 Dry days, percentage of total, fs (per cent)........... 25 92 

50 Days in longest normal rainy period, fs.............. 14 125 

51 Days in longest normal dry period, fs................ 13 100+4 

62 Meanitotalyeart@nehes) oer ersve ieee eet a 10 40+ 
Evaporation: 

53 Daily mean; 1887-88, fs (inch) g..00. oc -)ee ele oss = 6122 . 290 

54 Total annual: 1887-88" Gnches) 9... 1e-rtaa eee eles ies es 27.2 96.4 
Moisture ratios: 

58 Normal PB faces scant psec ne eee 23 1.03 

59 Normal 9 LBs occ nee oak Cua ae seiceraenbenaseitarers APH | 1.10 

60 Normal P/E Ay ear gence niten cere Cone eee eee PH 1.04 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 300 —2 500 +4 
Humidity: 

65 INormalmean,)/s (percent) yea. eee aeons ee oie 40-4 71.5 

66 Normal mean, year (per cent). ..........-...-.-.-.. 404 74.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.8 14.2 
Sunshine: 

69 INormalstotal durations) (hours) eee eres ab Wary 2,100+ 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 1,000 —4 5,744 

71 Normal P/E XT, fs, exponential method............. 100 —4 611 

a) Normal P/E XT, fs, physiological method............ 1,000 —4 12,0004 


TaBLE 75.—Climatic extremes for total range of all species of Platyopuntias. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)................. 53 365 
35 Hot.dayay' fae Sacer eee 4 365 
36 Cold daysy: $800 reece eee nee 0 158 
37 Remainder summation above 32°, year (thousands).... 10.0— 26.0+4 
38 Remainder summation above 39°, fs (thousands)...... 2.4 14.5 
39 Exponential summation, fs (hundreds)............... 2.4 15.4 
40 Physiological summation, fs (thousands)............. 2.6 Skt al 
41 VM sO LMM oMINFATMI EINES Mine naar paged So Os Ao co oboe wae —65 +41 
43 Normal daily mean, coldest 14 days of year (°F.)..... 0 69 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
45 Normal daily mean; years (ch. een eee 35 75+ 

Precipitation: 

46 INormalidaily means 73 nch) sane eee eee .009 “173 
47 Normal No. rainy days (over 0.10 inch), fs........... 0 256 
48 Normal No. dry days (0.10 inch or less), fs........... 0 294 
49 Dry days, percentage of total, fs (per cent)........... 0 100 
50 Days in longest normal rainy period, fs.............. 0 256 
51 Days in longest normal dry period, fs................ 0 299 
52 Mean total’ veari(inches) sian eect ean 10 —- 60+ 
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TABLE 75.—Climatic extremes for total range of all species of Platyopuntias—Continued. 


Plate | Evaporation: Low. High. 
53 Daily mean, 1887-88, fs (inch)...................... . 080-2 .851 
54 Total annual, 1887-88 (inches)...................... 24.0 101.2 
Moisture ratios: 

58 INGrMBle? LU fs art seen ed eRe ie key Fi eat) 04 1.76 

59 Normalrr ill vfsevn. 02 nate oe oe te int ne .06 1.96 

60 Normale: VOar yccasicae orekec Re uate, ees 06 3.002 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 183 707 
Humidity: 

65 INormalymean,)/s (per Gent)... es eee ee eee 22.6 84 

66 Normal mean, year (per cent). «.-4.c+..nsea:evsnece 29.7 82.9 
Wind: : 

68 Normal mean hourly velocity, fs (miles)............. 4.5 14.9 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,134 2,995 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 13 1,418 

71 Normal P/E XT, fs, exponential method............. 127 13,511 

72 Normal P/E XT, fs, physiological method............ 197 24,265 


TasiLe 76.—Climatic extremes for total range of all species of Cylindropuntias. 


Temperature: 


34 Days in normal frostless season (fs)................. 140 311 

35 LOGICA UR sin tnt ees Clee tic oe nt oe ee rie ie estas 38 211 

36 (OO WO RACE item 3 Ae Oe hie em h iene pio MEAS Bes Someta 0 88 

BY Remainder summation above 32°, year (thousands)... . 10.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 3.4 10.1 

39 Exponential summation, fs (hundreds)............... a yell 11.8 

40 Physiological summation, fs (thousands)............. 4.1 20.6 

41 PAI sOltibe xT MTNUIN ore sc ee oad hee te ioe she ateveg teense oe —32 +23 

43 Normal daily mean, coldest 14 days of year (°F.)..... 29 54 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal diilyzmean, year (CM .) jacacc sc cere re aoe ee 55 70+ 
Precipitation: 

46 INormal daty mean,./s (nCh)iznser ese omens oe ee et 0.20 .088 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 57 

48 Normal No. dry days (0.10 inch or less), fs........... 142 283 

49 Dry days, percentage of total, fs (per cent)........... vf 100 

50 Days in longest normal rainy period, fs.............. 0 26 

51 Days in longest normal dry period, fs...............- 51 283 

52 Micant totaliry.cara(InGhes)) « rercarere ccacets Gio rors: 00 oveie ioteieisei0e (6 10— 20+ 
Evaporation: 

53 Daily mean, 188/—88, fs (inch) s..06..5:.02sesle ne seis > .201 .349 

54 Total annual, 1887-88 (inches).........-...-.+.-.00+ Sao) 101.2 
Moztsture ratios: 

58 INO (RIGO ochcakiciercin pl Deere Come Gop tC Li 04 44 

59 INOrmaleay/ He facia e treet te we sta ste tera re ater .06 AT 

60 INOTInaleE LEA VOAL eee e Rae ete wae erin acc eee .03 .28 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................- 233 450+ 
Humidity: 

65 Normal mean, fs) (percent). «2. s+ oss se ee es 22.6 59.4 

66 Normal mean, year (per cent). ........-0.2-eereesoes 29.7 59.3 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.5 14.2 
Sunshine: 

69 Normal total duration, fs (hours) .............. Mee Ps 1,367 2,9002 
Moisture-temperature indices: : 

70 Normal P/E XT, fs, remainder method............-. 81 262 

71 Normal P/E XT, fs, exponential method............. 772 2,532 


Normal P/E XT, fs, physiological method............ 979 / 
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TaBLE 77.—Climatic extremes for Tsuga heterophylla. 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs).......-.-----+--- 25 316 

35 IS Kai avstsng he MAR A Amey nD Goch e CD mnmiac 1c Or cede csion 0 30+¢4 

36 Cold? days (e.c0 tale rcs o cioteoere ear etaisee ote aiete et el te at ode 0 120 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 3.5 4.6 

39 Exponential summation, fs (hundreds)..............- 3.0-—4 5.0 

40 Physiological summation, fs (thousands)............. 1.9 4.8 

41 Absolute ai nim seers cies scree ee oie aetna —46 +30 

43 Normal daily mean, coldest 14 days of year (°F.)..... 204 46 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 71.6+ 

45 Normaldaily mean, year (CP) re a-1-420 ee eee 45 — 55+ 
Precipitation: 

46 Normalidaily mean, 7s Gnch)/.-paer eae See ee . 0404 .199 

47 Normal No. rainy days (over 0.10 inch), fs........... 28 199 

48 Normal No. dry days (0.10 inch or less), fs..........- 72 257 

49 Dry days, percentage of total, fs (per cent)........... 74; 90 

50 Days in longest normal rainy period, fs.............- 21 99 

51 Days in longest normal dry period, fs..............-- 56 187 

52 Mean total; syear (inches)... .seceose o6 eae eee 30 90+ 
Evaporation: 

53 Watlyamean, 1887-88079) dC) ee ee ee eee eee .052 . 1802 

54 ‘TotalfannualS1887=S8 (inches) se. ee ee ee eee 18.1 40+¢4 
Moisture ratios: 

58 Normal PAE Niece aero tera Cee ee eee re 2204 3.84 

59 Normals (eet ction ct aso Oren Oe Lee ee Al 4.48 

60 Normal P/E yearticc ck sur.toleie ere eee .404 4.90 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 300 —2 329 
Humidity: 

65 Normalémean, 76) (pericent)nm esa: 2 ee aire eee ee 60.0—4 87.5 

66 Normal mean, year (per cent)..................---- 74.6 86.8 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5 a 16.4 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,300 —4 2,100 +4 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 100 —4¢ 1,566 

71 Normal P/E XT, fs, exponential method............. 1,000 — 11,724 

72 Normal P/E XT, fs, physiological method............}] 1,313 7,475 


TaBLE 78.—Climatic extremes for Picea sitchensis. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)................. 196 316 
35 HOt dane fSicet cis bowen re eee ee ee ee 0 30-4 
36 Cold’ days ysaccsn, eaten oe Oe on ee 0 30-4 
37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 
38 Remainder summation above 39°, fs (thousands)...... 3.0 3.8 
39 Exponential summation, fs (hundreds)............... 4.1 5.0 
40 Physiological summation, fs (thousands)............. 1.9 3.7 
41 “A Deoluterminimn uma secre see eee : —<o +30. 
43 Normal daily mean, coldest 14 days of year (°F.)..... 354 46 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 
45 Normaidsilysmean sy ear (Oh. ees een ene 50 — 554 

Precipitation: 

46 Normal daily mean, js (inch) seas up eae ee .070 199 
47 Normal No. rainy days (over 0.10 inch), fs........... 55 199 
48 Normal No. dry days (0.10 inch or less), fs........... 72 200 
49 Dry days, percentage of total, fs (per cent)........... 27 81 
50 Days in longest normal rainy period, fs.............. 21 99 
51 Days in longest normal dry period, fs................ 56 187 
52 Mean total)fyear Gnches)) see ieee: 40 90+ 
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TaBLE 78.—Climatic extremes for Picea sitchensis—Continued. 


a a a i 


70 
71 
72 


Plate 


Evaporation: Low. High. 
Daily mean, 1887-88) fs (inch).......c.s.....c...... .052 . 1402 
Total annual, 1887-88 (inches)...................... 18.1 26.8 

Moisture ratios: 

Normal iy Jeo. 72 ccsmn ehne er het athe ihc Be ece 404 3.84 
Normalan faeces sae e Mea Me ee eB oe .80—3 4.48 
Normale /Jesvearact, eas one eee oh cet 902 4.90 

Vapor pressure: 

Normal mean, fs (hundredths inch).................. 318 348 

Humidity: 

Normalimean,/s (per’cent)- ner tare ee eee eet 73.6 87.5 
Normal mean, year (per cent).............0cceeeece 76.2 86.8 

Wind: 

Normal mean hourly velocity, fs (miles)............. 6.2 16.4 

Sunshine: 

Normal total duration, fs (hours).........../........ 1,500 —@ 2,100 +4 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 200 —4 1,566 
Normal P/E XT, fs, exponential method............. 2,000 — 11,724 
Normal P/E XT, fs, physiological method............ 1,874 7,475 


Temperature: Low. High. 
Days in normal frostless season (fs) ...............-. 25 316 
EE OTARY Heh S areca dare eters cis are oo hel ope ois Sransio nines ier aens 0 38 
COlMIGAV SIR eee eerie le clk ee ornate eet 0 149 
Remainder summation above 32°, year (thousands)... . 10.0— 18.0+ 
Remainder summation above 39°, fs (thousands)...... 2.8 3.5 
Exponential summation, fs (hundreds)............... 3.0 5.0 
Physiological summation, fs (thousands)............. 1.9 5.0 
PAT SBOLTEO, AEITINTINUIIN oe ar oh «oe, po. atau oaeateielat “eV A eyaceistsi ayakere —49 +30 
Normal daily mean, coldest 14 days of year (°F.)..... 15 —4 50+2 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
INGFIMAl dail yameanVOALN (Cie) sxci ais okeneissaia. ese ruserusuets; As 40 — 65 + 
Precipitation: 
iNormalidaty, mean. 78) GNCH)).1>, sysaie) casds) 0) sel dane eueasue .025 .199 
Normal No. rainy days (over 0.10 inch), fs........... 1 199 
Normal No. dry days (0.10 inch or less), fg........... 72 257 
Dry days, percentage of total, fs (per cent)........... 27 100 
Days in longest normal rainy period, fs.............. 0 99 
Days in longest normal dry period, fs................ 56 247 
DVfeanl bOtal. year (INCHES) Sir. oie tie cn slo) ovoieevl sate veers = 20+ 90 
Evaporation: 
AA? CAT LSS 6 — Soy 1S LLECLL) rare oiera) aisle) el aaietsdents hate tf te .052 . 262 
Total annual, 1887-88 (inches).......-.....+.e-e0e0: 18.1 39.2 
Moisture ratios: 
iNPerer OU ORA Ch OAR bad co yn Ati OMe ODan preps oe 10 3.84 
Wile rei | MORNE ANAM OA nccmagieD err COM nous BCP Otee 12 4.48 
INforennl YEW OR REA cn on SP Rep t ocie coon bee niga de 14 4.90 
Vapor pressure: 
Neel mean, fs (hundredths inch).................- 300 —4 348 
Humidity: 
Normal mean, fs (Der Cent) ....2. 50 sec c ee cess neee 504 87.5 
Normal mean, year (per cent)........-.--s+sseeeeee 504 86.8 
Wind: 
Normal mean hourly velocity, fs (miles)............. 5.4 16.4 
Sunshine: 
Normal total duration, fs (hours) ............+.-.0++ 1,300 —4 2,5004 
Moisture-temperature indices: 
Normal P/E xT, fs, remainder es Bee Ge Ce eenOK he A ae _ ee 
xponential method............. ; - : 
Normal P/E XT, fs, exp ee ee 


Normal P/E XT, fs, physiological method............ 
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TasiE 80.—Climatic extremes for Pinus ponderosa. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean, year (CE:)i-ce.cecee oe eee 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887—88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal 7/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 


Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method 

Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 

Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
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TABLE 81.—Climatic extremes for Pinus contorta—Continued. 


Plate | Evaporation: Low. High. 
53 Daily mean, 1887=88, fs Ginch)..........2.+-2.-.ccee- .052 . 262 
54 ‘Loteal annual, ES87=88 (inchés)\..3......6.¢-+<s ences 18.1 68.3 
Moisture ratios: 

58 iKoime tell PANO Maree. 3 Fr GL tae eA ees meee .10 3.84 

59 INormaltg (ays Ceres tse tak eee Sele Mieke thee tie slur 12 4.48 

60 INT ale iaie ey CALS is araerttciarar eco oe MT Re yas ae nee 14 4.90 
Vapor pressure: . 

63 Normal mean, fs (hundredths inch)................ 249 348 
Humidity: 

65 INormalimean 7s: (ner Centiaccn 4 cil eae wise eee wal 47.9 87.5 

66 Normalimean year) (per cent). sa)... sm «a omnis ore eae 56.1 86.8 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.3 16.4 
Sunshine: 

69 INormalitotalduration: 78 (hours) 9a1scme ee & seyscers ares 1,167 2,3004 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. ie 1,566 

71 Normal P/E XT, fs, exponential method............. 691 11,724 

72 Normal P/E XT, fs, physiological method............ 809 7,475 


TasBLE 82.—Climatic extremes for Pinus edulis. 


Plate | Temperature: * Low High 

34 Days in normal frostless season (fs)..........++++--- 83 267 

35 IBA GENE 8 find oS A come ato enero” SOOM oon ode occa 0 105 

36 (Oui ZENER isk Dd CaaS SOBRE OME COAG ae o ADS ORC 0 110 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.4 5.4 

39 Exponential summation, fs (hundreds):...........--- 2.4 5.8 

40 Physiological summation, fs (thousands)..........-.. 2.6 9.9 

41 PATRON HOU METININAITEN 4 oP eset eto salar e eieral ore elweusisieye salou —37 -3 

43 Normal daily mean, coldest 14 days of year (°F.)..... 20-4 50 +2 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal daily mean, year (°F.).........-++++seeeeee- 40 70+ 
Precipitation: 

46 Normal daily mean, fs (inch)........--+-+++++eeeees .020¢ .088 

47 Normal No. rainy days (over 0.10 inch), fs..........-. 0 57 

48 Normal No. dry days (0.10 inch or less), fs.........-- 142 2754 

49 Dry days, percentage of total, fs (per Cent) ouincset sense 71 100 

50 Days in longest normal rainy DETLOC iS sell teteetele otra 0 26 

51 Days in longest normal dry period, fs.........---++-+-- 75 —4@ 225 +4 

52 Mean total, year (inches)........++-++++eeeereeeees 20— 30+ 
Evaporation: 

53 Daily mean, 1887-88, fs (inch).....-.---+++++s+eee .1804 .330 

54 Total annual, 1887-88 (inches).......---++++-++e+ee> 55.4 101.2 
Moisture ratios: 

58 Normal P/E, f8...-..-20+c0cssecee rest ester ee ceees .10 44 

59 Normal w/E, f8 ove. cs cece cence ences seeceseeceers 13 .39 

60 Normal P/E, year. .....0eccceeec cents tence eeneees .12 SPAR 
Vapor pressure: 

63 N nel mean, fs (hundredths inch).....-.----++.+++- 233 450+ 
Humidity: 

65 Normal mean, fs (per cent).....--.--see sere etree 37.0 46.7 

66 Normal mean, year (per cent). .....--+++setseeeeees 38.8 48.7 
Wind: ; 

68 Normal mean hourly velocity, fs (GcaWKS2))~ eye oo aeoe 5.6 10.2 
Sunshine: 

69 Normal total duration, fs (hours)....-.--++++++++++: 1,134 2,3004 
Moisture-temperature indices: 

70 Normal P/ EXT, fs, remainder Method amerers-wicietee = 58 4008 

a Normal P/E XT, fs, exponential mnehhocmeen acta 563 4 0008 

72 Normal P/E XT, fs, physiological method.......----. | 710 7,000 
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Plate 


70 
71 
72 
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TaBLE 83.—Climatic extremes for Pinus palustris. 


Temperature: Low 
Days in normal frostless season (fs).......-.----++-- 181 
Hot days (soe scsi s see esie ine acts a eee rere 137 
Gold avy sy of sin ras. crouse rereic acco sore a eons ue ose se adeno: Bierce 0 
Remainder summation above 32°, year (thousands).... 1izd 
Remainder summation above 39°, fs (rhousands) a3 ee 6.6 
Exponential summation, fs (hundreds)............... 6.8 
Physiological summation, fs (thousands)............-. 12,326 
Absolute! mininiuim 32 ays nicke ie 0 wise cee en eases —15 
Normal daily mean, coldest 14 days of year (°F.)..... 40 
Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 
Normal:daily: means year (2E.) cj. etesee «lle ole 60 

Precipitation: 

Normal daily mean, /s GQnch)>. serie ere .119 
Normal No. rainy days (over 0.10 inch), fs........... 144 
Normal No. dry days (0.10 inch or less), fs........... 0 
Dry days, percentage of total, fs (per cent)........... 0 
Days in longest normal rainy period, fs.............. 92 
Days in longest normal dry period, fs................ 0 
Mean totalt-year Gnehes) .1:-405 era eee 50— 

Evaporation: 

Daily mean, 1887-88, fs (inch)................-.....- .096 
Total annual, 1887-88 vneee TIES ree eras See S123 

Moisture ratios: ; 

Normals 25/Bi, {sist roa cite ett crete weet eee eee 75 
Nornial aie fareeepe erste Seta a eerie eae tee recess * .90 
NormaliP/ i years cece e teen cae eee eee 1.00 

Vapor pressure: 527 
Normal mean, fs (hundredths inch).................. 

Humidity: 

INormalanean, 7s Ger Cen): saree tats el eit nee eee w1<0 
INormalimean,syear (percent) sic aom eee ete reer 72.1 

Wind: 

Normal mean hourly velocity, fs (miles). ............ 5.0 

Sunshine: 

Normal total durations (hours) ose eee eee ceiaee 1,900 —2 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 600 —2 
Normal P/E XT, fs, exponential method............. 6,114 
Normal P/E XT, fs, physiological method............ 10,0004 


Plate 


Temperature: Low. 
Days in normal frostless season (fs)................. 143 
Hotidsiyss ($8) sce spaieerk erarha-c seventeen ee ae ee 63 
Cold days faster awivro cee eer. Seno ee ee 0 
Remainder summation above 32°, year (thousands).... 11.5— 
Remainder summation above 39°, fs (thousands)...... 3.9 
Exponential summation, fs (hundreds)............... 3.9 
Physiological summation, fs (thousands)............. 5.7—- 
A Dsoltite minimums ie nee eee ete eee —25 
Normal daily mean, coldest 14 days of year (°F.)..... 25 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 
Normaltdaily mean syesn(sly)cee eens eee eee 50 — 

Precipitation: 

Normal dailysmenan 7s) Gnch) oes eeeree te eee ree aap. 
Normal No. rainy days (over 0.10 inch), fs........... 102 
Normal No. dry days (0.10 inch or less), fs........... 0 
Dry days, percentage of total, fs (per cent)........... 0 
Days in longest normal rainy period, fs.............. 48 
Days in longest normal dry period, fs................ 0 
Mean totality.can'Gnohes)..) ena eee eee eee ae, 40 
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TaBLE 84.—Climatic extremes for Pinus echinata—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887—88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/EF, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 2,301 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 1,418 
Normal P/E XT, fs, exponential method 13,511 
Normal P/E XT, fs, physiological method 24,265 


Flate | Temperature: Low. High. 

34 Days in normal frostless season (f3)............++--- 241 348 

35 FLO GACL UY Cl) Bieter torareyalavar airarcvonaeve¥eve) oassisronroipieon eter staid) eal sice 168 360+ 

36 @oldicl a yeh aicce sie oxo eins foie ces 9 2 a Si aes Mime face’ se 0 0 

af Remainder summation above 32°, year (thousands).... 18.0+ 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 8.4 1L3 

39 Exponential summation, fs (hundreds)............... 9.1 12.6 

40 Physiological summation, fs (thousands)............. 16.4 24.9 

41 PA SOMES UIIEEISTINUITN 3-2: oo. mnie Se Choumielioney <jous sieve heiace wm cnisine -1 +30 

43 Normal daily mean, coldest 14 days of year (°F.)..... 49 64 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ a cen 

45 iINormallidallyamean, year! (ok\.))< «jeje si aiiatal «ye late rareuacelaner= 65+ 75 
Precipitation: 

46 Normal daily mean, fs (inch)... 22.1226 sneer ees oe .141 cil? 

47 Normal No. rainy days (over 0.10 inch), fs........... 165 248 

48 Normal No. dry days (0.10 inch or less), fs........... 28 1754 

49 Dry days, percentage of total, fs (per cent)........... 11 51 

50 Days in longest normal rainy period, fs.............. 117 235 

51 Days in longest normal dry period, fs..............-- 17 1002 

52 Mean total, year (inches). ......-----+++seseeee sees 50 — 60+ 
Evaporation: 

53 Daily mean, 1887-88, fs (inch).....-.-.+--++-+++ees .124 .146 

54 Total annual, 1887-88 (inches).........--+++.+-+s+5- 42.1 49.5 
Moisture ratios: 

58 Normal P/F; $8 sac... veep a tele aia aie iano le] syots oes yn 1.08 1.36 

59 DNormialll a / Eis faite iopersseicteto Sates betes Merge ental ie ioh tek herons 1.004 1.52 

60 Normal P/E, yeal.....csccences eee cence sees ete 1.09 1.47 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)...........-...+-: 599 612 
Humidity: 

65 Normal mean, fs (per cent).....----- sees sree ee eens 76.8 80.6 

66 Normal mean, year (per cent). ....--+. 5+ seer eee ees 78.3 80.9 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. tial 9.7 
Sunshine: 

69 Normal total duration, fs (hours) ........+-+++++.++: 2,026 2,300 +4 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder methodist is eye owe 1,014 1,314 

71 Normal P/E XT, fs, exponential AHA I so toe oe te 9,385 12,106 

(2 Normal P/E XT, fs, physiological TMethOGsee nr neette 18,294 23,652 


442 CORRELATION OF DISTRIBUTIONAL FEATURES. 


Taste 86.—Climatic extremes for Pinus strobus. 


Ose Gib se ta ee 
Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)......-..+++--+-- 85 207 

85 Flot day syefacis oo) cete oe re aoe erciowe wine ove ete ieiete eteprtey ieee 0 128 

36 Gol didiaiy ss0fSictecteve care ete echeteast etek onetee racket cemeteries 0 150 

37 Remainder summation above 32°, year (thousands) .... 10.0 11.5+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 6.0 

39 Exponential summation, fs (hundreds)..............- 3.0 5.9 

40 Physiological summation, fs (thousands)............. Pal 10.4 

41 Absoltrte minimums. = ae eso ecrc cise cree chee chetetnen stone tote —49 —5 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 37 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8 

45 Normal dailysmean. yeark(CE.) cee ae eee 35 60 
Precipitation: 

46 Normal daily mean, (3 Gnch)e2- eet bie eile beetles 091 131 

47 Normal No. rainy days (over 0.10 inch), fs........... 26 156 

48 Normal No. dry days (0.10 inch or less), fs........... 28 154 

49 Dry days, percentage of total, fs (per cent)........... 11 83 

50 Days in longest normal rainy period, fs.............. 17 140 

51 Days in longest normal dry period, fs................ 9 91 

52 Mean‘ total; year Gnches) arr 'acietsteretete stele teiete eteetere yank 30— 60+ 
Evaporation: 

53 Daily means 1887-88, 76) GNC) ences eee crise siclareeie .081 166 

54 Total_annuals 1887-88 Gnches)o-. aceon 2 ooo te aie: 20.3 48.1 
Moisture ratios: 

58 Normal. By He {eee sere sort. eres sols ae Fae ea earn 66 1.39 

59 Normal(x Bis fs ten sess eter oe es si tere ae 75 1.52 

60 Normal P/E} yearsiccc.c< cnn alee. Mor ee oe Oe 82 1.85 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 345 505 

| Humidity: 

65 Normalimean,)/si(percent) eee eee aoe eee 68.6 83.9 

66 INormalimean, year (per.cent)ic sek eee ee eee eee 69.5 82.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. oat 14.9 
Sunshine: 

69 Normal total duration, fs (hours)........... eee ea 1,225 1,772 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 301 530 

71 Normal P/E XT, fs, exponential method............. 2,918 5,040 

72 Normal P/E XT, fs, physiological method............ 2,747 8,970 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)................. 85 215 
35 Hot, days G/saiitc trae ane eter eee 0 141 
36 Cold days: San. crate cee em Se RTO IE eae 0 146+ 
S¢/ Remainder summation above 32°, year (thousands) .... 10.0— 18.0+ 
38 Remainder summation above 39°, fs (thousands)...... 2.6 Gb, 
39 Exponential summation, fs (hundreds)............... 3.0 6.9 
40 Physiological summation, fs (thousands)............. 2.0 12 i 
41 “A bsolitteSmaininnirs see se eyecare eee —48 — cet 
43 Normal daily mean, coldest 14 days of year (°F.)..... 10-42 40+4 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
45 Normal daily mean, year (°F.).............--....... 35 60+ 

Precipitation: 

46 INNormaldaily,;mesany 7s (neh) ee eee ee eee 091 131 
47 Normal No. rainy days (over 0.10 inch), fs........... 26 166 
48 Normal No. dry days (0.10 inch or less), fs........... 28 154 
49 Dry days, percentage of total, fs (per cent)........... 11 83 
50 Days in longest normal rainy period, fs.............. a he 140 
51 Days in longest normal dry period, fs................ 9 91 
52 Mean: total ty ears (inches) isn n nn eee eee eae 30— 60+ 
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TABLE 87.—Climatic extremes for Tsuga canadensis—Continued. 


Evaporation: Low. High. 
Daily mean, 1887-88, fs (inch).........:............ .O81 .166 
Total annual, 1887-88 (inches)...................... 20.3 48.1 

Moisture ratios: 

NormaltRies fers.icrs tae cael Ae See ee 4 . 66 1.39 
Normalan Byfe sc ahs citer esta het ook e 2 Da na: il fap 
Normal PEs Vea aed 52s 202. oe Na Ok S aee 82 1.85 

Vapor pressure: 

Normal mean, fs (hundredths inch).................. 345 520 

Humidity: 

INormalimean; fs:(per cent. 4222. 80e eee eee 68.6 83.9 
Wormal mean) year (per cent). «.+.as< os oe eo beeen” 69.5 82.1 

Wind: 

Normal meanh ourly velocity, fs (miles)............. 3.1 12.9 

Sunshine: 

Normal total duration, fs (hours)................... 1,225 1,836 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 301 562 
Normal P/E XT, fs, exponential method............. 2,918 5,295 
Normal P/E XT, fs, physiological method............ 2,747 10,052 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 146 227 

35 TOA BVA TH eRe Pe aa wetiele sical espa accents ster aie ect 90 141 

36 SOO GEM ES 10 8 ae Ts eRe An, mom oy are ines 0 75 

37 Remainder summation above 32°, year (thousands).... 11.5— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... AT 6.5 

39 Exponential summation, fs (hundreds)............... 4.9 79 

40 Physiological summation, fs (thousands)............. 7.9 12.8 

4l ADSOMNIGE MAIMUEAUTN. 5. 5 one) ose a sue a ear sisters a sellers aha e ae —29 +4 

43 Normal daily mean, coldest 14 days of year (°F.)..... 28 454 

44 Norma] daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.84 

45 INormalvdatly: mean, year (OE), ai sists s/.cisier ntetateletsie ts 50 — 60+ 
Precipitation: 

46 (Normal! daily. mean, jsi(Gimch) ... sta asses ele teteiev eres .110 2131 

47 Normal No. rainy days (over 0.10 inch), fs........... 91 166 

48 Normal No. dry days (0.10 inch or less), fs........... 19 93 

49 Dry days, percentage of total, fs (per cent)........... 11 48 

50 Days in longest normal rainy period, fs.............. 47 1754 

51 Days in longest normal dry period, fs................ 4 56 

52 IWeanetobala yar s(iNCDOS) ion... 1c a:¢ <siele in scvale' eie/ols ants '6/s 40 — 60+ 
Evaporation: 

53 DailyameanslSs7—Ss, 76 WNC) ss .cce. a sesisle nse sey os 084 .200 

54 TotaleanmuUaly 1887-68. ADCHES) 0. ve <6 -.cleiets wis wie atat ssi 45.0 54.8 
Moisture ratios: 

58 ING REN I OYV DLAI) eben oidinaeo ob Geo SUGRO OO GOdarEId por 51 1:30 

59 iNormal ann {Semen erttr tte Tetertaie nereiere atete anata ere .60 1.50 

60 iNormial Sey Hivy Caretta -taspeintli erect e a ele ret: 172 1.62 
Vapor pressure: 

63 Nonitel mean, fs (hundredths inch)...............-+. 450 513 
Humidity: 

65 Normal mean; fs (per cent)........2...-.26...562 65. 65.8 82.3 

66 Normal mean, year (per Cent). ....-.---+eeeeeeeeees 67.5 81.4 

68 Normal mean hourly velocity, fs (miles)............. 3.1 9.6 
Sunshine: 

69 Normal total duration, fs (hours).......+-++++++++-s 1,646 1,878 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 319 707 : 

71 Normal P/E XT, fs, exponential method............. 3,007 7,000 + 

2 Normal P/E XT, fs, physiological method............ 5,613 15,000 
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TasLE 89.—Climatic extremes for Pinus divaricata. 


Plate | Temperature: 


34 Days in normal frostless season (fs) ........-.-.----- 85 178 

35 Hot day sy F8\« sochessesiard. ave sosrere apareialotarn stor attemenaperapete ae oy 0 79 

36 Gold days, $8 cscikeieeeccusse 4e » clara Neveun ateizie sot euslangiohet suerspsl s 146+ 97 

37 Remainder summation above 32°, year (thousands).... 10.0— 11.5+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 4.6 

39 Exponential summation, fs (hundreds)............... 3.0 4.8 

40 Physiological summation, fs (thousands)............. 2a 6.9 

41 Absolute:minimum. 0). {cw <4 0:4 «> eenonooteuetncuonorenarontens —59 —22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 23 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 71.6+ 

45 Normalidaily mean; year (GE) \s oor oa. <= 1eenenee eater eh ais 50 
Precipitation: 

46 Normalidaily smears .(inch))-ecteieei ieee ene .099 .126 

47 Normal No. rainy days (over 0.10 inch), fs........... 43 120 

48 Normal No. dry days (0.10 inch or less), fs........... 28 120 

49 Dry days, percentage of total, fs (per cent)........... 17 72 

50 Days in longest normal rainy period, fs.............. 22 73 

51 Days in longest normal dry period, fs................ 9 58 

52 Mean: total tyear, (inches).cc. cee eeesieteeiie goa eee 30 — 50+ 
Evaporation: 

53 Dailymmean, 1838/—s8.7s Gnch)i-s-c- ie eee eee eee .084 .143 

54 Total annual, 1887-88 (inches)...................6-. 24.3 29.0 
Moisture ratios: 

58 NormalP Hg femecs tan \atae aaat tee eae ee .74 St 

59 Normialipilt, faicxae tin ce acannon .92 1.52 

60 Normal! PE, yar sero crrelaiocelosocrono ae ee .90 1:72 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 345 438 
Humidity: 

65 Normalimean, fs (percent)eeseue eas a eee 69.5 81.8 

66 NNormalfmean,, year (per cent),c...1aeeee be ae 71.9 80.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 7.6 12.4 
Sunshine: 

69 Normal total duration, fe (hours) .. 5. o02.2.00.....24 1,225 1,700 +2 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 312 442 

71 Normal P/E XT, fs, exponential method............. 2,997 4,269 

72 Normal P/E XT, fs, physiological method............ 2,747 6,423 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
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TABLE 90.—Climatic extremes for Abies balsamea—Continued. 


Plate | Evaporation: ) i 

53 Daily mean, 1887-88, fs (inch)...................... sae is 

54 Total annual, 1887-88 (inches)...................... 24.3 34.4 
Moisture ratios: 

58 Normal P/E fascs 5 SOU: pes OSA) ronytr alii al 173i 

59 Normals) Beta 1°. <0 UMS 8, SBE weal ai ws ‘81 1.52 

60 Normal? Ei yaar: acini a lh gin eiires 95 1.72 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 345 438 
Humidity: 

65 INormal'mean, js:(pericent: te. eee ee Ctra 81.8 

66 Normal mean, year (per cent). .........6.....00-00. 71.9 80.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. sion 12.4 
Sunshine: 

69 Normal total duration, fs (hours) ................... 1,225 1,500 +2 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 312 500+4 

71 Normal P/E XT, fs, exponential method..:.......... 2,997 4,097 

72 Normal P/E XT, fs, physiological method............ 2,747 7,0002 


TaBLE 91.—Climatic extremes for Quercus alba. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 101 331 

35 EGU Gay heey scree reeetieuers iorctaye inns bites ws Suet gratee oni see (0) 215 

36 GOTT AY RB tate kos layne wc. helm cls OR ne Deere (0) 137 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 10.6 

39 Exponential summation, fs (hundreds)............... Se) Th 

40 Physiological summation, fs (thousands)............. 2a: < 212 

41 FAD BOL UGE EPTMITAUIIN 5 a-ychiovace cde ove va, 6 MAREE ec TREO cee ogee —48 +19 

43 Normal daily mean, coldest 14 days of year (°F.)..... 11 53 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 INormalldatly-mean, year (CE) 2.0.00 2.015 aicis eleva aees os 40 65+ 
Precipitation: 

46 iINormal dailysamean,) fs Gnch) .../jeenie aelosteer wees, 3sh. .091 .170 

47 Normal No. rainy days (over 0.10 inch), fs........... 26 284 

48 Normal No. dry days (0.10 inch or less), fs........... 0 136 

49 Dry days, percentage of total, fs (per cent)........... 8 83 

50 Days in longest normal rainy period, fs.............. ye 256 

51 Days in longest normal dry period, fs................ 0 91 

52 Mieam totale year GnCHeS) iy.) «avec arete crew eue's ere ere oaieie ols 30 — 60+ 
Evaporation: 

53 Dailyameans 1887-88, fs (Unich)ee 2 ccc ete eee scree .O81 . 200 

54 Total annual, [887-88 (nch@s)2....-' <<. os ob poe 24.3 54.8 
Moisture ratios: 

58 IN(oraitenslll JP YIOR ee cecues ortyeas ca carerueekuh Coogee Oncy cour iceo a 51 1.76 

59 INormaltay/Ne sect eite ee tnemne  eaoee ree t's .60 1.96 

60 ING ICME SE cece ann da coocR ericdictiada mola ct: 74 1.94 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).............-..-. 345 622 
Humidity: b 

65 Normal means fs"(per Gent)... 4.60.22 secs ce ees os olen 64.5 83.9 

66 Normal mean, year (per cent).........-...+.---05-- 69.0 Spee 

* | Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.1 14.9 
Sunshine: 

69 Normal total duration, fs (hours)..........-.-++-++- O25 2,650 
Moisture-temperature indices: E 

70 Normal P/E XT, fs, remainder method............-- 301 1,418 

a Normal P/E XT, fs, exponential method............ 2,914 13,511 

72 Normal P/E XT, fs, physiological method............ 2,747 24,265 
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TasBLE 92.—Climatic extremes for Fagus atropunicea. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs).......-.--+---+-- 95 281 

35 Hob days; f Secs cae o 8 aes pesjeve a ain wie io cassette ae er aoc 0 215 

36 Cold: day snyae.cccn cscs t-te eel eanictenane 0 149 

37 Remainder summation above 32°, year (thousands).... 10.0-— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 10.6 

39 Exponential summation, fs (hundreds)............... 3.0 i ip Ie 

40 Physiological summation, fs (thousands)............. 2.1 7A ie | 

41 A Daolutel Mit TMI) seve ory eee nee eee —44 +12 

43 Normal daily mean, coldest 14 days of year (°F.)..... 12 52 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 738.8+ 

45 INormalidaily meantyy.earl Gl) cenit teenie 40— 65+ 
Precipitation: 

46 Normal daily;mean,/s/Gnch)) os see) ener ee .091 .172 

47 Normal No. rainy days (over 0.10 inch), fs........... 26 256 

48 Normal No. dry days (0.10 inch or less), fs........... 0 154 

49 Dry days, percentage of total, fs (per cent)........... 0 83 

50 Days in longest normal rainy period, fs..............- £7 256 

51 Days in longest normal dry period, fs................ 4 91 

52 Mean: total*yearsGnches) a... tee eee ee _ 380- 60+ 
Evaporation: 

53 Daily mean yi S8s—sSy 7s | GQNeh) eaten eres emia ere ee .084 . 200 

54 Total annual, 1887-88 (inches)...........-.-...--+.- 24.3 54.8 
Moisture ratios: 

58 NormaliP iE tfaseeecac ce aarti oo ce eer ane rere .62 1.76 

59 Normaliar/Heyas menses co eee eee: .60 1.96 

60 Normal P/E year 2 sa. eaecsee te eee eee R72 1.94 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 345 622 
Humidity: 

65 INormal#mean, /s.(per cent) ease te cence ae see 65.5 84.0 

66 Normal mean, year (per cent)...................... 67.5 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.6 14.9 
Sunshine: 

69 Normalstotalduration, 7s) (nours) ae eee eee eee 1,225 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 301 1,418 

71 Normal’ P/E XT, fs, exponential method............. 2,918 13,511 

72 Normal P/E XT, fs, physiological method............ 2,747 24,265 


TABLE 93.—Climatic extremes for Castanea dentata. 


Temperature: : High. 
34 Days in normal frostless season (fs)................- 127 256 
35 Hot dayswsten -hacenie ee i oa.s) aston ss eT 31 160 
36 Cold. daystis snes ae coe cn ae On Eee 0 117 
37 Remainder summation above 32°, year (thousands).... 11.5— 18.0+ 
38 Remainder summation above 39°, fs (thousands)...... 3.6 7.6 
39 Exponential summation, fs (hundreds)............... St aif 7.4 
40 Physiological summation, fs (thousands)............. 5.0 15.0 
41 Absolutelminimum ssid) eiietee beet eee aera —38 +4 
43 Normal daily mean, coldest 14 days of year (°F.)..... 16 45 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8 
45 Normal daily mean, year (°F.)........6..+ceee sack vs 45 65 
Precipitation: 
46 Normal daily mean, fe\Gnch)e esse aise eee ee .091 .146 
47 Normal No. rainy days (over 0.10 inch), fs........... 26 166 
48 Normal No. dry days (0.10 inch or less), fs........... 32 154 
49 Dry days, percentage of total, fs (per cent)........... 1l 83 
50 Days in longest normal rainy period, fs.............. 17 256 
51 Days in longest normal dry period, fs..a............. 4 91 


52 Mean total, year (inches) 
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TABLE 93.—Climatic extremes for Castanea dentata—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch).................. 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours)................ 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Temperature: Low. 

Days in normal frostless season (fs)...............-. 98 

MEV ObeClay.saf Siaerepe eters Sees evel ie aieie os alee eee eee Pen liate 0 

CWoldidavee(sene ec Oe, Sele ie co en eee ev yesh 0 

Remainder summation above 32°, year (thousands).... 10.0— 

Remainder summation above 39°, fs (thousands)...... 2.6 

Exponential summation, fs (hundreds)...... RISES 3.0 

Physiological summation, fs (thousands)............. 201 

PATS SOLE Ge raA AT TTVATENIN c/a. See eco ums 9 oc ea alloh stare hab eeu eye oxe? ast —49 

Normal daily mean, coldest 14 days of year (°F.)..... 10 

Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 

Normal daily.mean, year (CE) cc.ciec. cece. + + + ayeneyabateye« 35 
Precipitation: 

Normal dattyamean, 78 (NCh), >. ar) oh asteue) hy wercoveotsieesei = .091 

Normal No. rainy days (over 0.10 inch), fs........... 26 

Normal No. dry days (0.10 inch or less), fs........... 0 

Dry days, percentage of total, fs (per cent)........... 0 

Days in longest normal rainy period, fs.............. il 

Days in longest normal dry period, fs................ 4 

Mean totaly yearidnches)!2 sores - +c hice + oie aie aeroiels« 30-— 
Evaporation: 

Daily, medn SS 7—O8s 08) AMON) eyera claves -oietaretete aes (ole .084 

Totaleanmiual i SS7—Ss ANCHGS) ola ciyecis «uci scien sly 23.0 
Moisture ratios: 

Suey cot 2M) Of be ote is ose und Ac ace  CR OOOO ICL RIA 62 

ENOrm alla: Hf s pncratars sree reel eterna niet ove fai vane ners ns .60 

NOx alee AE Ly Gar oscil crar-tol~ he/otal ttsrerene malaise, ar ataeletats na2 
Vapor pressure: 

Normal mean, fs (hundredths inch).................. 345 
Humidity: 

Normal means. persCent) veel aicte case eetenaletets aero. o's 62.0 

INormalcmean, year (Percent) i= ssi<ielelersiere ol ersle a lclete ae ote 67.5 
Wind: 

Normal mean hourly velocity, fs (miles)............. 3.6 
Sunshine: 

Normal total duration, (8 (hours). a. eres -- -- 15225 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 301 

Normal P/E XT, fs, exponential method............. Soe 

2, 


Normai P/E XT, fs, physiological method............ 
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Plate 


Plate 
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Taste 95.—Climatic extremes for Quercus falcata. 


Temperature: Low High 
Days in normal frostless season (8) shee RAR eee 167 365 
FIGt Gays 8c ccs ee eretanel eran a =o ner ore) «mee 9 101s een I portant 90 365 
Gold daysrfsaec nace «ce oo irsrlaeo eee eter tetareisiele teen 0 44 
Remainder summation above 32°, year (thousands).... 11.5+ 18.0+ 
Remainder summation above 39°, fs (thousands)..... . ial 14.5 
Exponential summation, fs (hundreds)..........---.- jes 15.4 
Physiological summation, fs (thousands)............. 7.9 Sit 
INV EumInbabiNeaAnyaneosangoboounn = sbospacon Tos —16 +41 
Normal daily mean, coldest 14 days of year (°F.)..... 32 69 
Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 78.8+ 
Normal idaily mean, year (CU. ) lec c= 23 2 per te 55 — 75+ 

Precipitation: 

WNormal!daily.mean-:73) (meh) or -terer eee eters eter . 106 .170 
Normal No. rainy days (over 0.10 inch), fs........... 91 284 
Normal No. dry days (0.10 inch or less), fs........... 0 92 
Dry days, percentage of total, fs (per cent)........... 8 51 
Days in longest normal rainy period, fs.............- 47 256 
Days in longest normal dry period, fs...............- 0 63 
Mean total; year (inches) ¢ ¢ «- sacs e)aet © sieteeisieiars ote oe 40 — 60+ 

Evaporation: 

Daily mean, 1887-88, fs (inch)............- Deen ate .084 os WG 
Total annual, 1887-88 (inches).............-.....--- 25.2 ofea 

Moisture ratios: 

NormaliP/ Ens een 2s pore ceicioon ain ameter eters 64 1.76 
Normality Eps je re. earner oe ee OE ae 15 1.96 
Normal P/ ES year iain ee hae oe ee ee eee .85 1.94 

Vapor pressure: 

Normal mean, fs (hundredths inch).............-.... 460 707 

Humidity: 

Normal mean},fe: (per cent)icenac.en ase terete eee 69.1 82.7 
Normal mean, year (per cent)...........-.....----- 69.5 85.2 

Wind: 

Normal mean hourly velocity, fs (miles)............. 3.6 13.5 

Sunshine: 

Normal total duration, fs (hours) .../............... 1,646 2,650 

Moisture-temperature indices: 
Normal P/E XT, fs, remainder method.............. 446 1,418 
Normal P/E XT, fs, exponential method............. 4,174 13,511 
Normal P/E XT, fs, physiological method............ 7,010 24,265 

TaBLE 96.—Climatic extremes for Sapindus marginatus. 

Temperature: Low. High 
Days in normal frostless season (fs)..............--. 153 328 
Hotidaiys, as Ana worn ake kee a ee eee 113 226 
Coldh days JG scree elmore ate aT ee ee 0 70 
Remainder summation above 32°, year (thousands) .... 11.5— 26.0+ 
Remainder summation above 39°, fs (thousands)...... bee 10.8 
Exponential summation, fs (hundreds)............... 5.90 a Sal 
Physiological summation, fs (thousands).......... eee 10.3 21.4 
‘A bsolutenminimumivee arise eee eee —32 +19 
Normal daily mean, coldest 14 days of year (°F.)..... 27 57 
Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 78.8+ 
Noumialidailyaan ean yearn (ols) nee eee anna 55 — 75+ 

Precipitation: 

Nermalidatlyamreansatsn inch) einen eee 052 2142 
Normal No. rainy days (over 0.10 inch), fs........... 254 284 
Normal No. dry days (0.10 inch or less), fs........... 26 2594 
Dry days, percentage of total, fs (per cent)........... 8 87 
Days in longest normal rainy period, fs.............. 25 —4 235 
Days in longest normal dry period, fs................ 18 100¢ 
Mean\totalfy.earg (inches): ace are een 20 60+ 
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TABLE 96.—Climatic extremes for Sapindus marginatus—C ontinued. 


Plate | Evaporation: ae j 

53 Daily mean, 1887-88, fe (inch) .....<'essvesseeeres. antes Wes 

54 Total annual, 1887-88 (inches) .......<....c+se..-..- 42. 1 80a 

Ge Moisture ee 

INOTMaly PLE fee cn. ee RRA a ath SR, ct eek —4a 

59 Normal Vis 5 socc .ct ieee ee Oe eeAL prae ior ; ee 

60 Normal 2 /isevear srw. 2 tana. te Ca 124 1.47 
Vapor pressure: : 

63 Normal mean, fs (hundredths inch).................. 350 —4 707 
Humidity: : 

65 Normalmean, fe (percent, se eee teas ee oe 59.4 80.6 

66 INormalimeansyears(per cent). ecne e te ae nee re 59.3 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6.3 14.2 
Sunshine: 

69 Normal total duration, fs (hours) .................-- 1,700 —@ 2,650: 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 256 1,314 

aA Normal P/E XT, fs, exponential method ............. 2,411 12,106 

Pe Normal P/E XT, fs, physiological method ............ 4,673 24,265 


TaBLE 97.—Climatic extremes for Populus balsamifera. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands) . 
Remainder summation above 39°, fs (thousands).... 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.) ... 
Normal daily mean, hottest 6 weeks of year (°F.)..° 
Normal daily mean, year (CW.) ccc cc. 2 cn0vs.-tcseietetots 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches 
Moisture ratios: 
Normal P/E, fs 
Normal z/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 
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CORRELATION OF DISTRIBUTIONAL FEATURES. 


TasBLe 98.—Climatic extremes for Quercus macrocarpa. 


Flate | Temperature: Low. High. 

34 Days in normal frostless season (fs).........----++-+-- 85 261 

35 Hlot'd hy serene 00k Aovece eee os aes oie tect ices ae ort 0 173 

36 Coldtdayst (sence nasa on ene rae Meee aie 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0 ie 

38 Remainder summation above 39°, fs (thousands)...... 2.6 8.0 

39 Exponential summation, fs (hundreds)............... 3.0 Je 

40 Physiological summation, fs (thousands)............. 2.1 AE 

41 ‘Absolute miInimuUnis. snare Ls eel ee ee mere —59 +1 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 44 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal daily mean; year (CE.).2. + ss4 sae a 35 65 
Precipitation: 

46 Normal daily mean, fs (Gnch)\. 242-028. as eee ee ee .072 .135 

47 Normal No. rainy days (over 0.10 inch), fs........... 21 159 

48 Normal No. dry days (0.10 inch or less), fs........... 28 154 

49 Dry days, percentage of total, fs (per cent)........... 17 81 

50 Days in longest normal rainy period, fs..............- 14 172 

51 Days in longest normal dry period, fs..............-. 9 88 

52 Mean totaltyear Gnches) 1.2 eee eee erent 20 — 60 
Evaporation: 

53 Dailyimean, 1887-88: Js (inch) seass-c2 ee eee ce eens .084 -180 

54 ‘Total annual, /1887—88) Gnehes) g.toee ce = nee eee se eet O201 54.8 
Moisture ratios: 

58 INOTMSICE Hef's &. atte cyte hee eer ae eee 42 1.39 

59 Normals Ha fac ecore es iene ete ee ee ee 43 1.63 

60 NormaleP/Ee years ananassae ee eee 40 1.85 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 322 §22 
Aumidity: 

65 INormal) mean. fs) (per cont) oe ce ae eee Doe 83.9 

66 INormalimean, year (per Cent). ane. e esse ese esas 59.8 82.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. tal 14.9 
Sunshine: 

69 Normal total'duration, #6 (hours). .-.00-.nee see oe oe 1,225 2,1004 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 135 668 

71 Normal P/E XT, fs, exponential method............. 1,327 6,164 

13 Normal P/E XT, fs, physiological method............| 1,902 10,782 

TaBLE 99.—Climatic extremes for Ilex opaca. 
Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs) ................. 141 365 

35 Hot dayar sen. cSirdatic ns aciwoine he Bk ee eee eee 47 365 

36 Cold aya," fs's Sion ec cite oes ee eee ee 0 55 

37 Remainder summation above 32°, year (thousands) .... 11.5— 26.0 

38 Remainder summation above 39°, fs (thousands)...... 4.4 14.5 

39 Exponential summation, fs (hundreds)............... 4.7 15.4 

40 Physiological summation, fs (thousands)............. 627 Silt: 

41 Absolute: minimumivy.cacd seus o ce ee eee —15 +41 

43 Normal daily mean, coldest 14 days of year (°F.)..... PEG 69 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 78.8+ 

45 Normalldaily=mean, yeara(cl.) ees seein 50 — 75+ 
Precipitation: 

46 INormal?daily mean}fs: inch) ]. ee see eee ee .091 .173 

47 Normal No. rainy days (over 0.10 inch), fs........... 55 284 

48 Normal No. dry days (0.10 inch or less), fs........... 0 204 

49 Dry days, percentage of total, fs (per cent)........... 8 74 

50 Days in longest normal rainy period, fs.............. 17 256 

51 Days in longest normal dry period, fs................ 0 182 

52 Mean:totalyear Gnohes) ian een eee 50 — 60+ 
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TABLE 99.—Climatic extremes for Ilex opaca—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 


Vapor pressure: 

Normal mean, fs (hundredths inch) 
Humidity: 

Normal mean, fs (per cent) 

Normal mean, year (per cent) 
Wind: 

Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method 

Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 


Temperature: Low 
Days in normal frostless season (fs)................. 221 — 
LOU Vos/S Meee etree ee rose ece oloe  ¢ Jo lain ce sie Since 147 
(Grete ra Gebel Oh ce Ae SR RE Re ee et mE 0 
Remainder summation above 32°, year (thousands).... 18.0+ 
Remainder summation above 39°, fs (thousands)...... TD 
Exponential summation, fs (hundreds)............... ThALE 
Physiological summation, fs (thousands)............. 1320) 
PA OMILSLDITMIINIUNIY yersysois:s stare secemiehe!* sie srspstalessis.o: shegeis —3 
Normal daily mean, coldest 14 days of year (°F.)..... 45 
Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8— 
INOFMal dally mean, Year (ohs.)icc cence cies o'4 oie Saye. cco 65 — 

Precipitation: 

Normal dailysmean, {8 (nCh)!< 255 efe-eyec15 +o veseiss aiese,s oe ° .129 
Normal No. rainy days (over 0.10 inch), fs........... 161 
Normal No. dry days (0.10 inch or less), fs........... 26 
Dry days, percentage of total, fs (per cent)........... 8 
Days in longest normal rainy period, fs.............. 92 
Days in longest normal dry period, fs................ 14 
Mean total=-yeal (IMGHES) c sxcjecein se sidielemterselssas cals ahs, 6 50— 

Evaporation: 

Daily MeanelSS7—S8;, 78) ADC). «jo: wiely isles a svats ansvereher valelrg 
otal anntal s1SS¢—SS) UANCHES) s cjercieis <6 crs sched ee cle ss 42.1 

Moisture ratios: 

IRM giat 12/0 Oe etna coon ta fee O CSD err EI. 75 
Inkogsisl <9 Oe be Senet Oc SoU O On Or idea Uo nac 1.05 
INGEMAIEE Ey CAL os, oge/2h-rma¥osioj=) oie BNE pel ato tal dirs catalan 1.02 

Vapor pressure: 

Normal mean, fs (hundredths inch)...............-.- 569 

Humidity: 

Normalsanean +/8) (DEE COD picralaleraicisisieie shel elalelei= pies) eyes Gaeo 
Normal mean, year (per cent)........-+2+e+seseeeee 73.5 

Wind: 

Normal mean hourly velocity, fs (miles)............. foul 

Sunshine: 

Normal total duration, fs (hours) ........-+.-.-.+.+8: 1,895 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 834 
Normal P/E XT, fs, exponential method............. oe 


Normal P/E XT, fs, physiological method............ 
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TasLe 101.—Climatic extremes for Sabal palmetio. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands)..| 18.0+ 
Remainder summation above 39°, fs (thousands)... . 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)... 
Normal daily mean, hottest 6 weeks of year (°F.)... 
Normal daily mean, year (CF.).............--+.3--- 
Precipitation: 
| Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 


Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 

Precipitation: 
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TaBLE 102.—Climatic extremes for Serenoa serullata—Continued. 


Plate | Evaporation: Low. High. 
53 Daily mean, 1887-88, fs (inch).................-.... .124 .146 
54 Total annual, 1887-88 (inches)...................... 42.1 51.6 
Moisture ratios: 

58 Norm ali Haig wee ne rane eee ares htAMD she oe dhe gered 175 1.36 

59 UNOrama kia, LEM a See int en ees © Weel DE oc yee 75 1.52 

60 BNormalte (Hisyear eve: cn... cnt ante a de 75 1.47 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 585 707 
Humidity: 

65 iINormalimeangys (per Cent) scams eet ae eee ide 80.6 

66 Normal mean year (per cent)iecssas0s.. don Sones Nite 80.5 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.1 il 
Sunshine: 

69 Normal total.duration, fs (hours) ................... 2,026 2,650 
Moisture-temperature indices: j 

70 Normal P/E XT, fs, remainder method.............. 1,014 1,314 

71 Normal P/E XT, fs, exponential method............. 9,385 12,106 

72 Normal P/E XT, fs, physiological method............ 18,294 26,652 


TaBLE 103.—Climatic extremes for Washingtonia filamentosa. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs).............-. 240 —4 240 +2 
35 EL OUR YS) S metertere et reer Ne ie 4 ettecd aersusie Risa isis os 120 — 150+ 
36 GOlLGN ay Bini seer le roicinieiiie cook oie arn eee reuonctereuemns 0 0 
B¥6 Remainder summation above 32°, year (thousands). . 18.0 26.0 
38 Remainder summation above 39°, fs (thousands)... . 8.0-—4 10.0+4 
39 Exponential summation, fs (hundreds)............. 8.0-—4 10.0+4 
40 Physiological summation, fs (thousands)........... 12.544 15.0+4 
41 PA ISOLIN GE EI IFRETYLULEND ore oterey xe ort ect etches ev aies ae cs ate are) oes —4+44 +14-+464 
43 Normal daily mean, coldest 14 days of year (°F.)... 50+¢4 50 +4 
44 Normal daily mean, hottest 6 weeks of year (°F.)... 71.6— 78.8+ 
45 Normal daily. mean, year (CK .)). siccc.s 626s 05 o/c sens 70— 70+ 
Precipitation: 
46 Normal) daily-mean, (8 GnCD) .< ...isicisn sie os cleciels 210 .020 —2 .020 +4 
47 Normal No. rainy days (over 0.10 inch), fs......... 0 0 
48 Normal No. dry days (0.10 inch or less), fs......... 250 +4 275+4 
49 Dry days, percentage of total, fs (per cent)......... 90 +24 100 
50 Days in longest normal rainy period, fs............ 0 0 
51 Days in longest normal dry period, fs.............. 250 +2 250 +2 
52 Moanetotaleny. ears (ITMOHES) iq iciiss siaeicieic ss ool ee) ae «ave 6 10— 10+ 
Evaporation: 
53 Daily WIGAN MLSS 7 —SSa F874 ATICH) ees 6.006) creieceis sueseis eet eie's .180—2 .180 +4 
54 Total annual, 1887-88 Gnches)............0s.+.00- 80 —4 90+4 
Moisture ratios: 
58 In(oraeaval ly 2102S Pe 6 sepa been ob Dai Pee acne ere aaa a .20 —2 .20 +8 
59 INieraGNe AOL Pen Gets Ua Geet OU UL Dacia .20—4 2048 
60 INorimale PUM ay Gal a pievcrei ete: alors! srt eaeietennete eiel cers .10—4 .10+ 
Vapor pressure: 
63 Normal mean, fs (hundredths inch)................ 300 +2 300 +2 
Humidity: 
65 Normal mean, fs (per cent) .......0.-02.s-eeeeeee 404 502 
66 Normal mean, year (per cent).......-.-..-+...--- 40+4 40+ 
Wind: : . : 
68 Normal mean hourly velocity, fs (miles)........... 6 
Sunshine: 
69 Normal total duration, fs (hours) .........-..+-+-- 2,5002 2,7002 
Moisture-temperature indices: 
70 Normal P/E xT, fs, remainder method............ Ae 100 A 
71 Normal P/E XT, fs, exponential method .........-. 1,0008 1,000 ae 
72 Normal P/E XT, fs, physiological method.......... 1,000' 1,000 + 
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Taste 104.—Climatic extremes for Cephalanthus occidentalis. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands). . 
Remainder summation above 39°, fs (thousands).... 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)... 
Normal daily mean, hottest 6 weeks of year (°F.)... 
Normaldaily mean, year (CE.)i <2 2c oct lt 
Precigntation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs......... 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal 7/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


TaBLE 105.—Climatic extremes for Adelia acuminata. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 


Remainder summation above 32°, year (thousands) .. 
Remainder summation above 39°, fs (thousands)... . 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)... 
Normal daily mean, hottest 6 weeks of year (°F.)... 
Normal daily mean, year (°F.) 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
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TABLE 105.—Climatic extremes for Adelia acuminata—C ontinued. 


Plate | Evaporation: Low. High. 
53 Daily mean, 1887-88, fs (inch)................+... .120—-4 .188 
54 Total annual, 1887-88 (inches).................... 42.1 56.6 
Moisture ratios: 

58 Normally) Re sjatene =e sebenered. fey be ly .64 1.36 

59 Normale) His Oren etek sant en Ue a et .75 1.52 

60 INotmalte iH evearenne Sait. aerate ae Ga 85 1.47 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................ 513 622 
Humidity: 

65 INormalimeans je: (per cent) os.aced a. chee ceo. Gan 69.1 80.6 

66 Normal mean, year (per cent)..................5. 70.7 85.2 

| Wind: 

68 Normal mean hourly velocity, fs (miles)........... 5.0 11.0 
Sunshine: 

69 Normal total duration, fs (hours) ................. 1,878 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method............ 400 —2 1,314 

71 Normal P/E XT, fs, exponential method........... mse 12,106 

ig: Normal P/E XT, fs, physiological method.......... 7,807 23,652 


Temperature: : 

34 Days in normal frostless season (fs)................. 111 348 

35 LEG GEA Cea EN ats ACOs OCI et a5 a 0 240 +4 

36 Coldedaver Science: oi cows calito: wn cage arene nae las 0 149 

37 Remainder summation above 32°, year (thousands).... 10.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 10.8 

39 Exponential summation, fs (hundreds)............... 3.0 11.1 

40 Physiological summation, fs (thousands)............. Pei | 21.4 

41 PA DBOMITG MINIM, = ace sic,cltise sid Se abs Aiehe ae ets ea.s 6m —43 +22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 12 57 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal dally: wiean, yearcHs))nceese sass ts + nto. 35 70+ 
Precipitation: 

46 Normalidaily meas, fs GnCh) cs acns ass ncrccrsss cece: .089 .172 

47 Normal No. rainy days (over 0.10 inch), fs........... 55 284 

48 Normal No. dry days (0.10 inch or less), fg........... 0 170 

49 Dry days, percentage of total, fs (per cent)........... 0 83 

50 Days in longest normal rainy period, fs.............. 17 256 

51 Days in longest normal dry period, fs................ 4 78 

52 Meamstovaleyear (GUCHCS) ccc ncts nis heats ee ae f+ 5's «cfs 30— 60+ 
Evaporation: 

53 Daily ANCA S87 88; 78> (ALON) aye 0% oi cel nicl ouster enna eacetos .081 .200 

54 Total annual, 1887-88 (inches).................-200- 24.3 56.6 
Moisture ratios: 

58 INOPMIALN/ Kise/ 8 cyte apaerilsrereys ols: feieney- Adie tegstaisse si 51 1.76 

59 INOrrmi all can) (8 seeere oo op eck Depotaslare, oF) -in ev Ae cece ey he 60 1.96 

60 INormial aie gy Car arn aciherdeta,s siax i) Seemegcaares Pe faaeks 71 1.94 
Vapor pressure: 

63 Normal mean,.fs (hundredths inch).................. 345 612 
Humidity: 

65 Normal meansys: (peri COMb iol. cisioie cnotsteisieisla dee) eyssisiete « 64.5 82.7 

66 Normal mean, year (per cent).........2.-cssse00es 67.5 82.9 
Wind: é 

68 Normal mean hourly velocity, fs (miles)............. 3.1 13.5 
Sunshine: 

69 Normal total duration, fs (hours) ..........2...e+0+5 1,225 2,301 

oisture-temperature indices: 
70 ss Gan P/E Sle 3; remainder Miethod.-saatew ices eisier 301 1,418 
71 Normal P/E XT, fs, exponential method............. ore ae 


Normal P/E XT, fs, physiological method............ 
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Taste 107.—Climatic extremes for Itea virginica. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands)...... 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily.-mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily, mean,;year (CH) sccm saat eens 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal w/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Tasie 108.—Climatic extremes for Artemisia tridentata. 


Temperature: Low. 
Days in normal frostless season (fs) ................. 39 — 
Hot. days [see ccc ro a A ere eee ee eee 0 
Cold: days, fs) ost otnten cers ate a ee re ee 0 
Remainder summation above 32°, year (thousands) .... 10.0— 
Remainder summation above 39°, fs (thousands)...... 2.8 
Exponential summation, fs (hundreds)............... 3.0 
Physiological summation, fs (thousands)............. 2.8 
7A SON Ube| m1) Dri Urry eee aerate eet eee eee —59 
Normal daily mean, coldest 14 days of year (°F.)..... 17 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 
INormalidailysmennsyeari(Ch.) ssa 40 — 

Precipitation: 

Normalsdailysmeans ge dnc eee eee eee eee .009 
Normal No. rainy days (over 0.10 inch), fs........... 0 
Normal No. dry days (0.10 inch or less), fs........... 104 
Dry days, percentage of total, fs (per cent)........... 88 
Days in longest normal rainy period, fs.............. 0 
Days in longest normal dry period, fs................ 101 
Mean’ total, year ianches)e es sane een 10— 
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TABLE 108.—Climatic extremes for Artemisia tridentata—Continued. 


Plate | Evaporation: , 

53 Daily mean, 1887-88, fs (inch)..............-.--.... ie ue 

54 Total annual, 1887-88 (inches)...................... 35.8 100.6 
Moisture ratios: ; 

58 INormaltP i, fernn ne Wee oeeee Men pe ee el 04 37 

59 Noi ale Lien lcd +g Meme ha LR ee 06 62 

60 NormaléP HES y Gar Se Rika Ae oe ee ee, BN. ER 03 "24 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 183 378 
Humidity: 

65 INornalimean;, Js) (per'cent)iceaccee ns sees Ook ee 22.6 W222 

66 Normal mean; year (percent) iv...) cole eek a. 29.7 Le a 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.3 174 
Sunshine: 

69 INormal\total duration, fs (hours) 2 ¢+54.... 24. e052 de e127, 2,995 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 13 - 283 

TH Normal P/E XT, fs, exponential method............. 127 2,721 

72 Normal P/E XT, fs, physiological method............ 197 3,127 


TasiE 109.—Climatic extremes for Covillea tridentata. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)..........-......- 172 283 

35 LOU AY Hs Sete ere tae oe cis rts a en ea eee 118 211+ 

36 (Oro) Fe eto ota fs Poe AC Sas eon oe ra Ta ay eee 0 0 

37 Remainder summation above 32°, year (thousands).... 18.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 6.5 10.1 

39 Exponential summation, fs (hundreds)............... 6.8 11.8 

40 Physiological summation, fs (thousands)............. 12.4 20.6 

41 PA DBOMIES POTEITEITD < ac cere: sss, aus: aa alae Sona OTe eIeO ee are —29 +23 

43 Normal daily mean, coldest 14 days of year (°F.)..... 30— 54 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6— 78.8+ 

45 Normal daly mean,-year (CB). c.5 occ 0.s os vs ober ses 50 70+ 
Precipitation: 

46 Wormaldailyzsmean, je, (inch). —.. 2 a42es oes. cele as .014 .072 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 2544 

48 Normal No. dry days (0.10 inch or less), fs........... 150 —4 283 

49 Dry days, percentage of total, fs (per cent)........... 91-4 100 

50 Days in longest normal rainy period, fs.............. 0 2 

51 Days in longest normal dry period, fs...............- 100 —4 283 

52 IMeannbobal, year GUGHES) nis ete oes cardiac s.cyele's «eae 10— 20+ 
Evaporation: 

53 WD alyteaiy 1857 —8S,79) AUCH) ieee © eee sisal lenis . 1604 .349 

54 Wbaall cuornikly alteiyecr ion GE) oanonddoccars coo deca 60— 101.2 
Moisture ratios: 

58 INiorinall 12D i eas ouic8 of na Gio EIT UO IO IOe 04 .20+2 

59 IN (Ghaentell ZU In te marek SOG cIG aR In CM IIe 06 .20+4 

60 Normal P/Hs year. 452 cle in ene me ti ets * sions .03 . 24 
Vapor pressure: 

63 Normal mean, fs (hundredthsinch)...........+.-.4.- 300 —2 5004 
Humidity: 

65 Normal mean, fs (per cent) .........2-ee-seseeeaeee 22.6 604 

66 Normal mean, year (per cent)......--.-+++-+eeeeeees 29.7 602 

68 Normal mean hourly velocity, fs (miles)............. 4.5 10.2 
Sunshine: 

69 Normal total duration, fs (hours) -...........-.<.... 1,900 2300 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method...........--- 27 400% 

71 Normal P/E XT, fs, exponential method............. 254 4,002 

72 Normal P/E XT, fs, physiological method............ 449 8,000 


(peene a SR ee SS ee 
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Taste 110.—Climatic extremes for Opuntia polyacantha. 


a 


Temperature: Low. High 
Days in normal frostless season (fs)......-.----++-++- 53 236 
HOt ASy Sy {See cris ae ene ee woe oer aite ow one a, 0 ols eiatsutnehoee teeta 18 149 
Gold days Sinn accueil ate esos atare eo) a lev enate ts rena ote eet 0 152 
Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 
Remainder summation above 39°, fs (thousands)...... 3.0 dish 
Exponential summation, fs (hundreds)............... sya! 7.9 
Physiological summation, fs (thousands)............. 4.0 14.2 
SA HBOLULS TOR IMA UNM se osteo el ete oie eter —65 +4 
Normal daily mean, coldest 14 days of year (°F.)..... 0 40 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.84+ 
Normal:daily;meantyear (cls )ine ccrsielelesiotsl- serene aaaite 35 60+ 

Precipitation: 

Normal dailysmeany fs: (Gnch) =, eee ei ee 025 .199 
Normal No. rainy days (over 0.10 inch), fs........... 0 199 
Normal No. dry days (0.10 inch or less), fs........... 26 216 
Dry days, percentage of total, fs (per cent)........... 14 100 
Days in longest normal rainy period, fs.............. 0 172 
Days in longest normal dry period, fs................ 15 153 
Mean‘ totaly year Gnches)). o. - ¢.tereieiest- teense eects 10— 40+ 

Evaporation: 

Daily mean, 1887-88), 76 inch). sees sees eh ee eee s 052 . 293 
Total annual, 1887-88 (inches)....................2- 27.2 76.0 

Moisture ratios: 

Normale? Hirer, atrscch none eee cere elo res eye ee .10 3.84 
Normal’ n/a aun toe ocrnoeioeoe ce re ceo eee ne 4.48 
Normal .E/-Ep yearns cccic sas cistern Seer pal 4.90 

Vapor pressure: 

Normal mean, fs (hundredths inch)................-. 233 522 

Humidity: 

Normal.mean, fs (percent) iraseeneecsee.. ee ae teehee 41.5 73.6 
Normal mean, year (per cent)3..... secs ree ee eee 45.5 76.2 

Wind: 

Normal mean hourly velocity, fs (miles)............. 5.6 14.2 

Sunshine: 

Normal total ‘duration, 7s) (hours). eee ee eee AZT, 2,100¢ 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 58 1,566 
Normal P/E XT. fs, exponential method............. 563 11,724 
Normal P/E XT, fs, physiological method............ 710 10,782 


TaBLE 111.—Climatic extremes for Carnegiea gigantea. 


Temperature: Low High. 
Days in normal frostless season (fs) ............... 262 305 
Hotidayst (amir acc cc cess wen Sek oe ee 186 211 
Cold: days,t/s'? Cviaeeactea enn OOO S te an eee 0 0 
Remainder summation above 32°, year (thousands). . 11.5+ 26.0+ 
Remainder summation above 39°, fs (thousands)... . 6.0= 10.1 
Exponential summation, fs (hundreds)............. 6.0 11.8 
Physiological summation, fs (thousands)........... 1275=> 20.6 
Absolute minimum.............-+-ssee cee eee eee. +10 +22. 
Normal daily mean, coldest 14 days of year (°F.)... 45 50+ 
Normal daily mean, hottest 6 weeks of year (°F.) . aba 78.8+ 
Normalidailyimeans, years (Ch) ater aereeteane nates 65 — 70+ 

Precipitation: 

Normal daily mean, fsGnch).< oe eee eee P —¢ a 
Normal No. rainy days (over 0.10 inch), fs......... 0 on oe 
Normal No. dry days (0.10 inch or less), fs......... 2254 283 

Dry days, percentage of total, fs (per cent)......... 100 

Days in longest normal rainy period, fs............ 0 dhe 

Days in longest normal dry period, fs.............. 1759 283 

Mean total fyear Gnches) cl ieee ee eee 10— 10+ 
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TABLE 111.—Climatic extremes for Carnegiea gigantea—Continued. 


Plate | Evaporation: 
53 Daily mean, 1887-88, fs (inch) 
54 Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 


Vapor pressure: 

Normal mean, fs (hundredths inch) 
Humidity: 

Normal mean, fs (per cent) 

Normal mean, year (per cent) 
Wind: 

Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method 

Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 


Temperature: Low. High. 
Days in normal frostless season (fs)...............0. 119 328 
EIOUCHY Bt diem emte ese ietdiae otis seein eee ine slewlastos 55 215 
AS OLGVGAY Bird HOME cet chan co aie EA ea cell eyes AR 0 140 
Remainder summation above 32°, year (thousands).... ili 26.0 — 
Remainder summation above 39°, fs (thousands)...... 4.3 10.6 
Exponential summation, fs (hundreds)....,.......... S46 ible r 
Physiological summation, fs (thousands)............. 5.6 21.2 
A DSOlUbe am MINUIN 2/5 o/c ates sos Ha Oe ope heein aa —43 +20 
Normal daily mean, coldest 14 days of year (°F.)..... 9 53 
Normal daily mean, hottest 6 wéeks of year (°F.)..... 7156 78.8+ 
Normal daily mean, year (CP.) 3.50 cue vract ss saison 45 — 70+ 

Precipitation: 

Normal daiyemean, fs (inch). .-cbissieaue siic cayonals «2 .080 .172 
Normal No. rainy days (over 0.10 inch), fg........... 29 284 
Normal No. dry days (0.10 inch or less), fs........... 26 211 
Dry days, percentage of total, fs (per cent)........... 8 81 
Days in longest normal rainy period, fs.............. 18 172 
Days in longest normal dry period, fg................ il 83 
IMeanetotaleevear (INCHES) tseece ae eters «lave ssie 0 «57 aioe seals 20 60+ 

Evaporation: 

Waily mean el SSi—SSy 78 (LUCE) igyeiviels cise elo steleets aterelay 111 . 200 
MTotalannuaslS87—SS CNCHES) lates «= 22,0 c's oe aie » ore 31.0 56.6 

Moisture ratios: 

Nora tA 2/8 OL WP. guanine como Ge one iee DEO Degree ior at 43 1.36 
ING CO r9/ OOP EID keri halo tin cur OG OO BUOCOE AGUO De AT 1.32 
Normale Pty Car ote fen. sense tenn minal ht oinites .38 1.47 
apor pressure: 

4 Motel mean, fs (hundredths inch).................- 415 622 

Humidity: 

Normialtmeane ss. (percent)! as, wet fareitetve oa atsielatate 59.4 80.6 
Normal mean, year (per Cent). ......-.eeeeee scenes 59.3 85.2 

Wind: : 

Normal mean hourly velocity, fs (miles)............. 4.7 14.2 

Sunshine: 

Normal total duration, fs (hours) ..........-.-....+. 1,267 2,650 
oisture-temperature indices: 

Moma P/E xT’, fs, remainder method.............. 229» 1,314 
Normal P/E XT, fs, exponential method............. 2,205 11,956 


Normal P/E XT, fs, physiological method............ 3,682 23,652 
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Tapie 113.—Climatic extremes for Solidago missouriensts. 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs)........----++--- 53 323 

35 Hot Gaya fou rae ctor nd ews Searstee arcle “ol orsnentonte toler toners 0 215 

36 Goldidays fo necete caer ere ee ices iene © orate olla elders 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... Pat 10.6 

39 Exponential summation, fs (hundreds)............--- 3.0 ah arg 

40 Physiological summation, fs (thousands)............- 4.0 212 

41 EAIDSOLUbe TILT INUULEND Serer onto: ciche ais carers lene fete eae tener atetatet eee —59 +15 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 53 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal daily mean,-y ear! (GE) eects carters otetercto iets 45 70 
Precipitation: 

46 Normalidailysmeans 7s Gneh) aa erre seer orate eet 029 147 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 257 

48 Normal No. dry days (0.10 inch or less), fs........... 26 211 

49 Dry days, percentage of total, fs (per cent)........... 14 100 

50 Days in longest normal rainy period, fs.............- 0 a ly 

51 Days in longest normal dry period, fs................ 11 202 

52 Mean: total, year\(nehes)isae see cice soe ae tee ee erste 10— 40+ 
Evaporation: 

53 Daily mean, 1887-88; fs Gnch)+....22+.-.-..ce sees se 118 -275 

54 ‘Total ‘annuals 1887-86 (ANCES) ceases ae eee ee cies ee 2022 76.5 
Moisture ratios: 

58 Normal: P/E ose create cine oe aa ee a2t 1.01 

59 Normal 7 Be fe bcd cat ok eee ee ee 26 1.05 

60 NormallP He years a saecce sacs ae tec mee oe ene TES 1.16 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................- 253 622 
Humidity: 

65 INormalimesn.176: (Or CONb) ase nana eee ae ee ene 47.9 80.2 

66 INormalimesans yearl (per cent) a ae oe ere iene eee 53.7 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6.0 14.2 
Sunshine: 

69 Normal total duration, 7s (hours) sees: eee anaes bi Re 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 58 114.2 

71 Normal P/E XT, fs, exponential method............. 563 10,331 

ae Normal P/E XT, fs, physiological method............ 710 20,570 

Taste 114.—Climatic extremes for Gutierrezia sarothre. 
Plate | Temperature: Low High 

34 Days in normal frostless season (fs) ................- 53 331 

35 Hotidaysiis sis, cenks nats ewan Ge oe 4 211 

36 Cold anys 29S wre sear ieee CR A ee ee 0 158 

37 Remainder summation above 32°, year (thousands) .... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.4 10.1 

39 Exponential summation, fs (hundreds)............... 2.4 11.8 

40 Physiological summation, fs (thousands)............. 2.6 20.6 

41 ‘Absolute! animina wr ccs eae ree ate en —65 +23 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 54 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 INormalldailysmean; yeari(Ch. js aenye sae eee 35 65+ 
Precipitation: 

46 Normaliidaily meansysiGnch) qantas 014 .096 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 99 

48 Normal No. dry days (0.10 inch or less), fs........... 55 294 

49 Dry days, percentage of total, fs (per cent)........... 36 100 

50 Days in longest normal rainy period, fs.............. 0 75 

51 Days in longest normal dry period, fs................ 37 299 

52 Mean'total;-yearGnches) 40 eee eee 10— 30+ 
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TABLE 114.—Climatic extremes for Gutierrezia sarothre—Continued. 


Plate | Evaporation: Low. i 

53 Daily mean, 1887-88, fs (inch)...................... . 166 Hehe 

54 Total annual, 1887-88 (inches)...................... Que, 101.2 
Moisture ratios: 

58 INS STOLTZ 2 ONC righ Pe Crees oe ee ae 10 ahi 

59 Normal ibosstere i Ge ieee Men eG a .06 1.07 

60 INGrMm ale en VeArioe slant Can eh owen ein te .03 .87 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. Boo 454 
Humidity: 

65 iNormalsmean ys) (pen Cent)scncaeen hee woe eee 22.6 67.8 

66 Normal mean, year (per cent). ......-...00sceuesuue 29:7 70.4 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.5 14.2 
Sunshine: 

69 Normal total duration, fs (hours) 4.4. 55<i454 oe 0. 1,127, 2,1002 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 27 424 

ral Normal P/E XT, fs, exponential method............. 254 4,080 

72 Normal P/E XT, fs, physiological method............ 710 6,961 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 53 305 

35 HOULGR VA ieee mee hire R ee en ae arene Orci a 0 211 

36 (COLGIGAU Ri Ser oes pat eae erring en dkain et deca cca a: 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.9 10.1 

39 Exponential summation, fs (hundreds)............... 3.0 11.8 

40 Physiological summation, fs (thousands)............. 2.6 20.6 

41 FA DROLU te IMINO oe, 5 aia) pass aavbys lavade Nis oa @ Sie @ areca shoe —59 +23 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 51 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.8+ 

45 Wormaldailymesan year (Cl:)...0 coe oe cece 35 70+ 
Precipitation: 

46 Normal daily mean: fs. (inch)... 2. cc cece cc sue es oe -015 .143 

47 Normal No. rainy days (over 0.10 inch), fg........... 0 141 

48 Normal No. dry days (0.10 inch or less), fg........... 41 283 

49 Dry days, percentage of total, fs (per cent)........... 23 100 

50 Days in longest normal rainy period, fs.............. 0 136 

51 Days in longest normal dry period, fs................ ts: 283 

52 Mean total cyeAr GNCHES) iw as)2 on sient. oils ea wncdan a © 10 — 40+ 
Evaporation: 

53 WailymeanwiSs7—88, 76 NCD) ico. oi... mspeepe aye, amutgereie .101 .330 

54 Motaleavnual, pUSS7—SS ANCES) herdicjcjest>. sle.eleveu oye 01s 2 «ssl 22.1 LOL .2 
Moisture ratios: 

58 Wiig OE Cie eens ROSE De Come none D ata es 1) 1.03 

59 NONI ail my) os 18 sees toe otek eels, oan AS ea NSP hogar ohec sh slg 1.15 

60 INeranNlVOVIH MEH Socad bana noc amen onor emanonon- -03 1.02 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................-- 249 540 
Humidity: 

65 INoxmialameay: 6) (DCLICOND) sas yereire east oes Nese sie Loucs ioy 3s 37.0 WS 

66 Normal mean, year (per cent). ........2.0-s2e2c00-- 38.7 74.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.6 14.2 
Sunshine: 

69 Normal total duration, fs (hours) .............-0206: 1,127 2,343 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............- 58 611 

val Normal P/E XT, fs, exponential method...........-- 563 5,744 

72 Normal P/E XT, fs, physiological method..........-.. 710 12,0002 


‘ 
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Tapie 116.—Climatic extremes for Bulbilis dactyloides. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)......--------+-+ 94 323 

35 Lot days R79 is cryeralciercpet one onzeatete creat tare a oe eter erat atelo rate 4 218 

36 Gold’ Gays, faces waive le ais sleiere sinuseteltalcintd rere euesimisys 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.9 10.3 

39 Exponential summation, fs (hundreds)..........-.-.- on0 11.3 

40 Physiological summation, fs (thousands)............. ana 21.4 

41 PMomiltiqipisithbabbstlen soca GOCb nnn + ce OK coperierir se —54 +12 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 53 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normalfdaily mean,syear (CH.)iesa- eee eee 35 70 
Precipitation: 

46 INormaltdaily means 4)(NCh) cyte tele eetet el ta .033 .143 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 159 

48 Normal No. dry days (0.10 inch or less), fs........... 48 259 

49 Dry days, percentage of total, fs (per cent)........... 25 100 

50 Days in longest normal rainy period, fs.............. 0 , 125 

51 Days in longest normal dry period, fs...............- 21 1502 

52 Mean: total) year (inches) sc. 2 siete tena eee aie 10+ 40+ 
Evaporation: 

53 Dailysmean,, 1887—88, fe, Qnch) 92-1 eee = sss ese .102 .293 

54 Total annual, 1887-88 (inches).................----- 26.3 96.4 
Morsture ratios: 

58 Narniali P/E) ss Stee Cae ae ee 12 94 

59 Normalan (Bess ee ee cetn tiers fe eee eee 13 1.10 

60 NormaleP/'Hiyear. eacssatces tee eet ere inate aie .94 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 233 540 
Humidity: 

65 INormalimean,./s) (per Cent) =ane eter ieee eee 37.0 71.5 

66 Normalimean year (pericent)icemie se ee eee se eee 38.8 74.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. La ss 14.2 
Sunshine: 

69 Normal total: duration; js) (hours) cs eee ele eee oe 1 Be 2,343 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 58 611 

71 Normal P/E XT, fs, exponential method............. 563 5,744 

72 Normal P/E XT, fs, physiological method.,.......... 710 13,0002 


Taste 117.—Climatic extremes for Keleria cristata. 


Temperature: ”. High. 
Days in normal frostless season (fs) ..............--- 25 334 
Hotidays) fates «seen onden oe re eee eee 0 173 
Coldidayati{s coca steachieicn Gente an reer ee ee 0 158+ 
Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 
Remainder summation above 39°, fs (thousands)...... 2.6 8.6 
Exponential summation, fs (hundreds)............... 2.8 9.6 
Physiological summation, fs (thousands)............. DFE LAG 
Absolute minimums ..6 esbeed on Ao Ore —59 432. 
Normal daily mean, coldest 14 days of year (°F.)..... 0 46 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8 
Normal’dailymean; yeari(cl:) sansa eene eee aes 35 ; 


Precipitation: 
Normalldailyimeany si anch) cee ieee eee ene 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 


Rijaiye''s eer ee see site,» 
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TaBLE 117.—Climatic extremes for Keleria cristata—Continued. 


Plate | Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/EF, fs 


Vapor pressure: 

Normal mean, fs (hundredths inch) 
Humidity: 

Normal mean, fs (per cent) 

Normal mean, year (per cent) 
Wind: 

Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method 

Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)..............- a 25 198 

35 TG RON HT Eg Pad Fae as, Sin ea Bi nt ES i SN dl ae 0 125 

36 COolavda yaw iarrra ct. coer Fiona «sh oak eh 0 158 

37 Remainder summation above 32°, year (thousands)... . 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)....,. 2.7 6.1 

39 Exponential summation, fs (hundreds)............. os 258 6.5 

40 Physiological summation, fs (thousands)............. 3.5 11.6 

4] PAIBOLU TEST INEDIUNYY cose osha tis of ease oc: Cadet tere —59 +8 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 354 

4 Normal daily mean, hottest 6 weeks of year (°F.)...., 64.4 — 78.8+ 

45 Normalidaiy means year (Eh .) hss ec oe ceo atta e 35 60 
Precipitation: 

46 INormaldaiy: mean, fa Gnoh):. scssaaciwceien anus 65 .025 .135 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 141 

48 Normal No. dry days (0.10 inch or less), fs........... 41 216 

49 Dry days, percentage of total, fs (per cent)........... 23 100 

50 Days in longest normal rainy period, fs.............. 0 136 

51 Days in longest normal dry period, fs................ 13 216 

52 Moan totaleycarsdnches)in cae siccte sey eisle cies euch oeite ee 10— 30+ 
Evaporation: 

53 Datlysimede USs7--S87e) TCN) sae asec mene ee eee 115 - 293 

54 Totallannuals1887—Ss GUCHES) mele. c'e.c<-s 1410 e 41 <ele. 5) 22.1 79.8 
Moisture ratios: 

58 INormal@P GH. farts sc tiers ee tise cies a ee .10 1.03 

59 Normality fas cicee 2 < + Cee ne ele ten ahaa Sate LD, 1.16 

60 Normale? LHe year. ..2)-aacisds szjq eaters wa eines tre cen .14 1.02 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 233 466 
Humidity: 

65 INormal-means fs (per cent) .ceied nce new once ae. ‘ 40.9 68.4 

66 Normal mean, year (per cent). os 5. ia6 cal ee eres 45.4 74.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6.2 14.2 
Sunshine: 

69 Normal total duration, fs (hours) ........-..-+.00005 1127; 1,927 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 58 611 

71 Normal P/E XT, fs, exponential method............. 563 5,744 

72 Normal P/E XT, fs, physiological method............ 710 10,599 
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TasLE 119.—Climatic extremes for Hilaria jamesit. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs).........+----++-- 72 296 

35 HOt daysy f8e30 i os erescee oe acl erchal diel into a ee eee 38 156 

36 COldidays Ais sc ss ottectec sense eta eie oie mice a oe eaters 0 92 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.4 7.6 

39 Exponential summation, fs (hundreds)..............- 2.4 8.3 

40 Physiological summation, fs (thousands)............. 2.6 15.0 

41 Absolute:minimums ..6.a5 00ers oe otal lebeereete wee —38 +22 

43 Normal daily mean, coldest 14 days of year (°F.)..... 27 454 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8+ 

45 Normalidatly mean, year (Cl .)ccymiieseraterstaes eters taenet eters 45 65 
Precipitation: 

46 Normalidaily mean,s1neb)) ee eee eee .015 .088 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 57 

48 Normal No. dry days (0.10 inch or less), fs........... 130 2754 

49 Dry days, percentage of total, fs (per cent)........... rae 100 

50 Days in longest normal rainy period, fs.............. 0 26 

51 Days in longest normal dry period, fs................ 51 2504 

52 Mean totalssyeari(inches).3/.c)-eaeene eee eee ee ae 10— 20+ 
Evaporation: 

53 Dailyameanss 1887-8878 uel) -eerinita cee ere ere eee .201 .330 

54 Totalannualets87—88 1dnches)).ce eee eee a essere 55.4 101.2 
Moisture ratios: 

58 Normal’ P/E S/sncranr saate coe 10 44 

59 Normals Beis atpeeetan Gt rae ee eee “ie 47 

60 Normal P/ ES yearanyrnk jacana ce en ae Bie. .28 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 300 373 
Humidity: 

65 Normal’mean;/s: (per:cent)ee see ceed eee ee eee 37.0 59.4 

66 Normal mean, year (per cent).................-.0-- 38.8 59.3 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 5.6 14.2 
Sunshine: 

69 Normal total duration, fe (hours)................... 1,134 2,057 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 81 262 

71 Normal P/E XT, fs, exponential method............. 772 2,532 

72 Normal P/E XT, fs, physiological method............ 979 4,673 


TaBLE 120.—Climatic extremes for Andropogon virginicus. 
ee ee ee 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs) ................. 108 365 
35 Hot dayseseue conn cc Soak tac Cee 0 365 
36 Coldidaya® face nc tine tt kee he ee ee 0 137 
37 Remainder summation above 32°, year (thousands).... 10.0— 26.0+ 
38 Remainder summation above 39°, fs (thousands)...... 2.6 14.5 
39 Exponential summation, fs (hundreds)............... 3.0 15.4 
40 Physiological summation, fs (thousands)............. 2k 31.1 
41 A bsolutemmaunimUrrisererr seein tae ae eee —41 +41 
43 Normal daily mean, coldest 14 days of year (°F.)..... 15 69 
44 Normal daily mean, hottest 6 weeks of year (°F SS 64.4— 78.8+ 
45 Normalfdailysmean year (cha) hee aera nee 35 75+ 

Precipitation: 

46 Normaltdailyomeans se) nCh) see .089 aLTZ 
47 Normal No. rainy days (over 0.10 inch), fs........... 58 284 
48 Normal No. dry days (0.10 inch or less); SOARES ee 26 203 
49 Dry days, percentage of total, fs (per cent) meee 8 78 
50 Days in longest normal rainy period, Dede ci nee Cees 21 256 
51 Days in longest normal dry period, fs................ 4 182 
52 Mean ‘total}tyear (inches)... eee 30 — 60+ 
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TABLE 120.—Climatic extremes for Andropogon virginicus—Continued. 


Plate | Evaporation: Low. a 

53 Daily mean, 1887-88, fe (inch).........¢ssscessieee. ‘ ‘097 CS 

54 Total annual, 1887-88 (inches)...................... 20.3 56.6 
Moisture ratios: ; 

58 Normally AE Sifaia, ee IP Pee Pe ee IE 51 1.76 

59 Normalan e faemii. <a shri ttes ee OR a ato tee 60 1.96 

60 INormalhiy Ee vears I0 seca i kets. <a ion os vii 1,47 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 345 707 
Humidity: 

65 Normaltmean, 7s (per cent)) sac ae oe ae ee Le 65.6 82.7 

66 Normal mean; year (per cent). ......<...<..«-4exsec. 67.5 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.2 13.5 
Sunshine: 

69 Normal total duration, fs (hours) ................... 1,225 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 301 1,418 

71 Normal P/E XT, fs, exponential method............. 2,918 Le o1t 

72 Normal P/E XT, fs, physiological method............ 2,747 24,265 


TaBLp 121.—Climatic extremes for Bouteloua hirsuta. 


Plate | Temperature: Low. 

34 Days in normal frostless season (fs)................-. 94 323 

35 REL Or EAC aU Wt Sie een rere Say Bite cherel sles eA savart 2, oti on re ai chtes 0 218 

36 OL AY Biel Satie cere <i cer taee aie ue. Srethad ape ibis haem ieee 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0—4 

38 Remainder summation above 39°, fs (thousands)...... 3.0—4 

39 Exponential summation, fs (hundreds)............... on) 

40 Physiological summation, fs (thousands)............. Bare 

41 FAD SOLU GEGEN ETNETIVULTIN sre er ciiace, fr aero cose thie hs ate anemia leg —59 +12 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64,.4—4 

45 INormialidaaly, Meat, year ch.) care = sin senc- 26's sxcisciniansiee 354 
Precipitation: 

46 INormaldailyemean, fs GnCh) = « sep5 etecisioauvisueigiaa als One .033 

47 Normal No. rainy days (over 0.10 inch), fs........... 2 161 

48 Normal No. dry days (0.10 inch or less), fs........... 28 2, 

49 Dry days, percentage of total, fs (per cent)........... Wye 

50 Days in longest normal rainy period, fs.............. 2 17 

51 Days in longest normal dry period, fs................ 11 

52 IMeanitotal, yeariGnches) en. oe a5 6 aaa sardn ee ates 10—4@ 
Evaporation: 

53 Waly TACANel S81 — SS, JS (LLCH) las: ce « vcs aiese ausitial-mtawierals 101 

54 Totalvannial | L887 LSS. AMCHES))siecyereie « sesess.s a sisal sl shoe 22).1 10175 
Moisture ratios: 

58 Nori ale lle Stacm.2 aeeicbartva ge sicrerseh: Sern EE tied ae 

59 INGiacith if 00s a el ape ae ad co noone O bo On an cena 13 

60 Normale ie vegans ere 1-1) r-ic aie unre satiate bistienstans s12 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 300 675 
Humidity: 

65 Wormalamean wisi (Der cent imiarri cies een dane 2 37.0 

66 Normal mean, year (per CeNt)i.s. 62 os. ea. wl et 38.8 

68 Normal mean hourly velocity, fs (miles)............. 5.8 
Sunshine: @ ; 

69 Normal total duration, fs (hours) ..........---.2---. 1,127 2,343 
Moisture-temperature indices: | 

70 Normal P/E XT, fs, remainder method............-. 906 6,690 

71 Normal P/E XT, fs, exponential method..........-.. 98 1,1002 

72 Normal P/E XT, fs, physiological method............| 1,000—4 20,0002 


466 


CORRELATION OF DISTRIBUTIONAL FEATURES. 


TaBLE 122.—Climatic extremes for Sparganium americanum. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)......------++++- 85 os 

35 HOt aysy fics. sire imcleke n erellets sale orarees ote a ee etna ett ele 0 ie 

36 Gold dayar fe octet store ctctaters et tolel soar latelete a tena alate sates 0 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 9.4 

39 Exponential summation, fs (hundreds).............-- 3.0 10.3 

40 Physiological summation, fs (thousands)............. Oe 18.9 

41 - “A:Dsolute minimums asics ce ete ete ete toners aetane —48 +20 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 54 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal:daily:mean, year: (CE.)/-\0.201s 1 oteststole eat 35 70 
Precipitation: 

46 Normalidaily. mean, fs Gneh))- ..1-1ere ete eater ae .037 .199 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 248 

48 Normal No. dry days (0.10 inch or less), fs........... 0 216 

49 Dry days, percentage of total, fs (per cent)........... 11 100 

50 Days in longest normal rainy period, fs.............. 0 256 

51 Days in longest normal dry period, fs................ 0 216 

52 Mean total#yeari(Ginches)s-- =. -e ee eee eee eee 10— 60+ 
Evaporation: 

53 Dailyzmean 1887-Son73Gnch) eee eee ee eee .052 .212 

54 Total annual, 1887=88) Gnches) +... 42s 45ees ae 18.1 57.7 
Moisture ratios: 

58 Normal? / Hv sree este meee ce eee .18 3.84 

59 Normalia/Efste eo ee eee ee ee eee .22 4.48 

60 NormaliP iE syearsieachoe ns saree rte eee 3811! 4.90 
‘Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 297 610 
Humidity: 

65 (Normalsmean a) si per Cols) ate eee eee 54.6 82.7 

66 INormalimeanyear (percent) a-1< ae ee eee 64.8 82.9 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.1 13.5 
Sunshine: 

69 Normal total duration, fs (hours)....2..--+.....2-46 ibbras 2,297 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 101 1,418 

il Normal P/E XT, fs, exponential method............. 950 13,511 

72 Normal P/E XT, fs, physiological method............ 1,475 24,265 

TaBLE 123.—Climatic extremes for Dianthera americana. 
Plate | Temperature: Low. High 

34 Days in normal frostless season (fs) ................. 108 365 

35 Hot: days, Sy. en eeniin cis a oe eee 0 218 

36 Cold days fs..eoe nee ne ee ee 0 137 

37 Remainder summation above 32°, year (thousands).... 10.0— 26.0 

38 Remainder summation above 39°, fs (thousands)...... 2.6 10.6 

39 Exponential summation, fs (hundreds)............... B10) a) lie 

40 Physiological summation, fs (thousands)............. Zal 21.4 

41 AibsolutesminimtUmie ses an ee siete eee nee —43 +19 

43 Normal daily mean, coldest 14 days of year (°F.)..... 15 69 

44 Normal daily mean, hottest 6 weeks of year CHS ie ee 64.4— 78.8+ 

45 Normal daily mean, year (°F.)..... Diva ee ee 40 7O+ 
Precipitation: 

46 Normalidaily menns fs)(nch) uae .052 lite 

47 Normal No. rainy days (over 0.10 inch), fs........... 26 284 

48 Normal No. dry days (0.10 inch or less), fs........... 26 259 

49 Dry days, percentage of total, fs (per CONE) inn een eee 8 87 

50 Days in longest normal rainy period, fs.............. 25 — 157+ 

51 Days in longest normal dry period, fs................ 4 91 

2 Mean) total) year anches) aan aera en 30 — 60+ 


Plate 
53 
54 
58 
59 
60 
63 


65 
66 


70 
72 


CORREL ATION OF DISTRIBUTIONAL FEATURES. 467 


TABLE 123.—Climatic extremes for Dianthera americana—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 


Vapor pressure: 

Normal mean, fs (hundredths inch) 
Humidity: 

Normal mean, fs (per cent) 

Normal! mean, year (per cent) 
Wind: 

Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder method 

Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 


Temperature: Low. High. 

Days in normal frostless season (/s)................. 2 334 

PLO GIOAV S218 sae tcl Wniacie oot eae SS acre sb SOHO IE O.Se 0 215 

GCOlde siya arabes eae sie seievernn eine saute aa re aie 0 158 

Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

Remainder summation above 39°, fs (thousands)...... 2.6 10.6 

Exponential summation, fs (hundreds)............... 2.8 11.7 

Physiological summation, fs (thousands)............. 2.1 Pal P 

EAD SOLUPO MAT INTINE UID cel c vareceveys tsa gone See lace occ a tiete os aye cute —65 +19 

Normal daily mean, coldest 14 days of year (°F.)..... 0 54 

Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 — 78.8+ 

INOTrmAalaally: mean, Year) (CEs) ieee ttana- a ee erie ole 35 70 
Precipitation: 

IWormaldatllyzmean, fs Gnch)\.( oa. 2e 2 s.sie ose os serene .022 .199 

Normal No. rainy days (over 0.10 inch), fs........... 0 199 

Normal No. dry days (0.10 inch or less), fs........... 19 294 

Dry days, percentage of total, fs (per cent)........... 8 100 

Days in longest normal rainy period, fs.............. 0 256 

Days in longest normal dry period, fs................ 4 299 

Mieamtocale year (IMCHES) ete cs ide. aici arel<\cle/eim\rale) «ici «aie 10— 60+ 
Evaporation: 

Waly means) 1881—S8; JS NGM) selec cise eile sista aleele .052 . 268 

Motalvannmiials 188s—O86 (ANCES) isieiiea- 12 ae lees sec e e 18.1 79.8 
Moisture ratios: 

INGUITIE EES) Heats a eerste crete ate rtavern sete lele siete yepriennie! oy eiclens .08 3.84 

INOrmalen/; iif a cece Pael its <i ore Leayrrs is as tes el siharriels .10 1.96 

Nigh PME, SGtO ri aoce oceans HOSS oboe deue doomed 15 4.90 
Vapor pressure: 

N. socal mean fs (hundredths inch)/cscss cases one ees 233 622 
Humidity: 

Normal mean, fs (per cent. .....-.2.+2 ess eceeeeee 41.5 87.5 

Normal mean, year (per cent).......-.++-++-+++-+0-- 48.1 86.8 
Wind: 

Normal mean hourly velocity, fs (miles)............. 3.1 16.4 
Sunshine: 

Normal total duration, fs (hours) ........--+-++++++- et 27: 2,650 | 
Moisture-temperature indices: 

Normal P/E XT, fs, remainder ene Or Era: noha ie Hee | 

[alp MOL IOs. gee eiesierers shor ; 
Normal P/E XT, fs, exponenti rae Sine | 


Normal P/E XT, fs, physiological method...........- 
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TaBLE 125.—Climatic extremes for Arundinaria tecta. 


Plate | Temperature: Low. High 

34 Days in normal frostless season (fs)........--------- 178 365 

35 HOt: daysyifs cccre accu sicleis eres ere ate cele: ole eietose eae Rape aie 116 365 

36 Goldidaysy foc cei] os eis ote akoreie cue eiejore = teisiaiere seal 0 22 

37 Remainder summation above 32°, year (thousands)... . 11.5— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... Oe 14.5 

39 Exponential summation, fs (hundreds)..............- 6.0 15.4 

40 Physiological summation, fs (thousands)............. 10.0 Shi 

41 I Mecibyeraerborieliielgn pa min adnan s.cco cmc ce ias go.04 —15 +41 

43 Normal daily mean, coldest 14 days of year (°F.)..... 32 69 

44 Normal daily mean, hottest 6 weeks of year (CF.)..... 71.6 78.8+ 

45 Normal) daily,mean, year (CE.)..0- cc ore eee 55 75+ 
Precipitation: 

46 Normal daily mean, fe) Gnch))o)ncneteqacs tenets eke eters eee .109 SE 

47 Normal No. rainy days (over 0.10 inch), fs..........- 120 284 

48 Normal No. dry days (0.10 inch or less), fs........... 0 90 

49 Dry days, percentage of total, fs (per cent)........... 8 56 

50 Days in longest normal rainy period, fs.............- 72 256 

§1 Days in longest normal dry period, fs................ 0 50 

52 Mean: total= years Gnehes) <)--t)-eie- ee eee eee ee 50 — 60+ 
Evaporation: 

53 Daily, mean S8/=88.76 Gach) ce a seo ee .130 a i 

54 Totalcannual, 1887-88, GNChes)...eeeeiee oe eee 31.3 56.6 
Moisture ratios: 

58 Normalie/E, {ssc ae oe eee eee 64 Pec 

59 Normalajil, fs ancccmeeoe co Oe eae eee .75 1.96 

60 Normal’ PAG, vearsy ooctens se nae nee ee eee .85 1.94 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 488 707 
Humidity: 

65 INormalimean. 73a DeniCen b) ete eateen tener nee 69.1 82.7 

66 Normal mean, year, (per cent). .--eeereeee oe Oe eee MOLT 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. Det 13.5 
Sunshine: 

69 INormalitotal duration, 7s (HOurs) aie steerer 1,646 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 446 1,418 

71 Normal P/E XT, fs, exponential method............. 4,174 13,511 

72 Normal P/E XT, fs, physiological method............ 1,807 24,265 


Temperature: Low. High. 
Days in normal frostless season (fs) ................. 85 310 
HObid aya f8 soe telco cotrearae Se\so ape he ee ee 0 189 
Cold days fs oo carctices thereto ae 0 149 
Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 
Remainder summation above 39°, fs (thousands)... ... 2.6 9.4 
Exponential summation, fs (hundreds)............... 3.0 10.3 
Physiological summation, fs (thousands)............. eal 18.9 
A bsoluterminim Unie. ee esieic a cient aeen —59 420 
Normal daily mean, coldest 14 days of year (°F.)..... 0 52 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
INormalidaily mean, year (Ch. nens eee 35 70— 

Precipitation: 

Normalidailyamenny so) (inch)inein een eae 7. 

Normal No. rainy days (over 0.10 inch), fs........... as 248 Bie 
Normal No. dry days (0.10 inch or less) Meee a ene 0 200 
Dry days, percentage of total, fs (per cent)........... lal 83 
Days in longest normal rainy period, fs.............. 21 256 
Days in longest normal dry period, fs................ 0 187 
Mean total, year Gnches)../......................, 20 90 
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- TaBLE 126.—Climatic extremes for Dulichium arundinaceum—Continued. 


Plate | Evaporation: 

53 Daily mean, 1887-88, fs (inch) 

54 Total annual, 1887-88 (inches) 
Moisture ratios: 

58 Normal P/E, fs 

59 Normal x/E, fs 

60 Normal P/E, year 
Vapor pressure: 

63 Normal mean, fs (hundredths inch) 
Humidity: 

65 Normal mean, fs (per cent) 

66 Normal mean, year (per cent) 
Wind: 

68 Normal mean hourly velocity, fs (miles) 
Sunshine: 

69 Normal total duration, fs (hours) 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method 

71 Normal P/E XT, fs, exponential method 

Normal P/E XT, fs, physiological method 
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Plate | Temperature: Low High 

34 Days in normal frostless season (fs).........--...+-- 53 231 

35 EL OUIGAV Bt us ape eeractie om ereinie ors) choses ain’s ofelciereolesieieelareiers 0 153 

36 (Sits ba Pn OR ROR COO ODS OSG OUaUn Gaiam omnminnn: 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 7.5 

39 Exponential summation, fs (hundreds)\en-- ste 9 2s ote 2.8 8.1 

40 Physiological summation, fs (thousands)............. Jai 14.6 

41 Absolute minimum... «sce. eas sieeie vies ssiae ee 0 9 —65 +4 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 42 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 Normal daily mean, year (°F.)......+----eeeeeseeees 35 60+ 
Precipitation: 

46 Normal daily mean, fs (inch).....--.----+++++++eee 045 .136 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 182 

48 Normal No. dry days (0.10 inch or less), fs........-.. 19 140 

49 Dry days, percentage of total, fe (per cent)........... 11 100 

50 Days in longest normal rainy Le DOL pr eAnU arn DOE 0 144 

51 Days in longest normal dry (az F000 8 CISA cimaiscorencic cackownaieie 4 144 

52 Mean total, year (inches).....------+--+++seeeeree 20— 60+ 
Evaporation: 

53 Daily mean, 1887-88, fs (inch)...-.-+----+++++++++005 .084 . 234 

54 Total annual, 1887-88 (inches).....------+++++++see 20.3 54.8 
Moisture ratios: 

58 Normal P/E, f8..----:secccccececeneeer esse settee: APA 1.39 

59 Normal x/H, f@. 2-2 cstsececccrcerermscencencnces - .26 1.63 

60 Normal P/E, year. ....:.esececee eee c etter eceteees 24 1.72 
Vapor pressure: 

63 ceo mean, fs (hundredths inch)........--+++++-+: 249 545 
Humidity: 

65 Normal mean, fs (per cent) ...------eseeer cette 48.0 84.0 

66 Normal mean, year (per cent). ...--- +++ eset eres 56.1 82.1 
Wind: : 

68 Normal mean hourly velocity, fs (miles).......-+--+. Seal | 14.9 
Sunshine: 

69 Normal total duration, fs (HOUT) ha ecb ies wit et lnere = 1225 2,166 
Moisture-temperature indices: 

70 Normal P/) EXT, fs, remainder THOENOC Se seek were sheet oe 72 707 

71 Normal P/E XT, fs, exponential method........-.--- 691 6,858 

72 Normal P/E XT, fs, physiological method........---- 809 11,246 


—_——— 


[Me |e iraae ee 8 
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TaBLE 128.—Climatic extremes for Arceuthobium cryptopodum. 


Temperature: Low. High. 
Days in normal frostless season (fs)........+-+++.++- 83 237 
LSTA ENG NEL a ociDeR ae atinr rear. San ape noice tcci ano ¢ 0 156 
Coldidaysy fs ecto e sce oe eee mioitrer eereretrn Metal atete 0 88 
Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 
Remainder summation above 39°, fs (thousands)...... 2.4 van) 
Exponential summation, fs (hundreds)............... 2.4 8.3 
Physiological summation, fs (thousands)............. 2.6 15.0 
A\bsolute minimum ie cides ay ecterete eels eee ee eee —45 +2 
Normal daily mean, coldest 14 days of year (°F.)..... 24 453 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8 
Normalidailyamean year (obs). nctecls ot ere ccs costs se teneisist 40 — 65 

Precipitation: 

Normalidailyesmean’, fs. (aneh) eee see en eee ete .020—2 .073 
Normal No. rainy days (over 0.10 inch), fs........... 0 25 +4 
Normal No. dry days (0.10 inch or less), fs........... 153 2754 
Dry days, percentage of total, fs (per cent)........... 90 —42 100 
Days in longest normal rainy period, fs.............. 0 10 
Days in longest normal dry period, fs................ 91 2502 
Mean total-nvear (inches)ia sans ee eee eee 10+ 30+ 

Evaporation: , 

Daily: meann'S87-.88. 7s Alich) cc siieies eiaeiae tee etele .199 .330 
Total annual, 1887-88 (inches)....................6- 56.0 101.2 

Moisture ratios: 

Normal Py Bayete cone oe eee comer nee ae 384 
INorinal’a/Biyse wee heck cee cee ene ce ee Cee sie .89 
NormaltP/ htyears se cnrch ct ten ie eee eee ene me: .28 

Vapor pressure: 

Normal mean, fs (hundredths inch).................. 233 300 

Humidity: 
iNormal mean; 7s (per Cent)mnce seme piensa eee 37.0 46.7 
INormalaneans years per Cent) camer eee eee eee 38.8 63.9 

Wind: 

Normal mean hourly velocity, fs (miles)............. 6.7 10.2 

Sunshine: 

INormal:totaliduration, js (hours)ic. acai aoe ace 1,134 1,892 

Moisture-temperature indices: p 
Normal P/E XT, fs, remainder method.............. 81 98 
Normal P/E XT, fs, exponential method............. 772 906 
Normal P/E XT, fs, physiological method............ 979 1,790 


TaBLE 129.—Climatic extremes for Arceuthobium americanum. 


ee ee ee 


Plate 


Temperature: : 
Days in normal frostless season (fs) ................. ae he 3 
Hot days7fstore eck con ea eer en ene ee 0 105 
Goldidays sya Otis cn tne ad cate nee ee ee 26 121 
Remainder summation above 32°, year (thousands).... 10.0 18.0+ 
Remainder summation above 39°, fs (thousands)...... 24: 5 
Exponential summation, fs (hundreds)............... 2.4 5.7 
Physiological summation, fs (thousands)............. 2.6 8.4 
Absolute minimune oor: GOS, aes ee —49° “1D 
Normal daily mean, coldest 14 days of year (°F.)..... 17 34 
Normal daily mean, hottest 6 weeks of year CEye ouee 64.4— 78.8 
iormal ‘dailysmean, year) (CHS). oases eee 40 — 60. 4 


Precipitation: 
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TasBLE 129.—Climatic extremes for Arceuthobium americanum—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal 7/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs)....-.......++-+- 148 365 

35 1S PGCE GHE Roce Bolu ouOGoCadrOoek Home eson a ygOr 0 365 

36 (CHRIGER SIDS anne oe nape Stinp ae ate. Site oto Onn tow 0 44 

37 Remainder summation above 32°, year (thousands) .... 11.5— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 3.5 14.5 

39 Exponential summation, fs (hundreds)..........---.- 4.1 15.4 

40 Physiological summation, fs (thousands)..........--. 2.4 shea 

41 Absolute minimum... ...-..s.ccceee seers sewn seees —34 +41 

43 Normal daily mean coldest 14 days of year (CB ey areas 28 69 

44 Normal daily mean, hottest 6 weeks of year (CE) area 64.4— 78.8+ 

45 Normal daily mean, year (CF.)....-..-.0+-++e sere eee 55 — 75+ 
Precipitation: 

46 Normal daily mean, fs (inch)......------+++++++++> .020 lie 

47 Normal No. rainy days (over 0.10 inch), fs........--- 0 . 284 

48 Normal No. dry days (0.10 inch or less), A i Seep ds coca mae 26 294 

49 Dry days, percentage of total, fs (per cent)........... 8 100 

50 Days in longest normal rainy DELIOd Jato ieee ai = 0 235 

51 Days in longest normal dry period, fé.....---5..-++-- 9 299 

52 Mean total, year (inches)......---++++++eseeeerreee 10+ 70+ 
Evaporation: 

53 Daily mean, 1887-88, fs (inch)....-----++++eeeereeee 084 .330 

54 Total annual, 1887-88 (inches)....-------+++++sseees 25.2 101.2 
Moisture ratios: 

58 Normal F/B 6 So cc sue «ewes e nba oe eevee alle aimee es .08 1.76 

59 NOVEL WY Mf 8ie-= cs sieeaiw vls 2/4 viele se ie sieiea Nae anes .10 1 96 | 

60 Normal P/E, Seat oc. ccc doce ts ce Bhs es indies Sy ole riais .03 2.00 
Vapor pressure: 

63 dca mean, fs (hundredths inch).......--+-++++++: 279 707 
Humidity: 

65 Nosuiel mean, fs (per cent) .....---e eee eeeeeeerees 36.3 87.5 

66 Normal mean, year (per cent)....----+e+eereeeeeeee 38.1 86.8 
Wind: : 

68 Normal mean hourly velocity, fs (miles). .5...---..5: 3.5 14.2 
Sunshine: 

69 Normal total duration, fs (hours) eee rrerecel oe mente re 1,651 2,650 
Moisture-temperature indices: 

70 Normal Pi EXT, fs, remainder TMEtHOC Mamta tans ae ete 

71 Normal P/E XT, fs, exponential method sapeele 1A aks ean veer 


Normal P/E XT, fs, physiological method.....---++-- / 
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Taste 131.—Climatic extremes for Phoradendron juniperinum. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normalidailymean, year (Cs) an ieee eee teeter 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
_ Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


TABLE 132.—Climatic extremes for Arenaria lateriflora. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs) ..............--. 25 318 
35 loti day ay fs'v accscuoaet cence Ooi eee oe anes 0 127 
36 Cold days; "Js sciternuac cieve ca. ese eaten mee ice ater 0 158 
37 Remainder summation above 32°, year (thousands) .... 10.0— 11.5+ 
38 Remainder summation above 39°, fs (thousands)...... 2.6 5.7 
39 Exponential summation, fs (hundreds)............... 2.8 6.8 
40 Physiological summation, fs (thousands)............. 2.1 11 ‘9 
Al Absolute minimumaqdadoen see ee eee —65 430° 
43 Normal daily mean, coldest 14 days of year (°F.)..... 0 42 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8 
45 Normalicdailysimesng venti (chs) meen nee tana 35 55. 

Precipitation: 

46 Normalidaily means 7s inch) seme eet eee eee 
47 Normal No. rainy days (over 0.10 inch), fs........... agen Too aa 
48 Normal No. dry days (0.10 inch or less), fs........... 28 216 
49 Dry days, percentage of total, fs (per cent)........... 17 100 
50 Days in longest normal rainy period, fs.............. 0 132 
51 Days in longest normal dry period, fs................ 9 216 


52 Mean total year Gnches) me: are eee eee 10+ 90 
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TaBLE 132.—Climatic extremes for Arenaria lateriflora—Continued. 


Plate | Evaporation: Low. High 
53 Daily mean, 1887-88, fs (inch)...................... 052 293 
54 Total annual, 1887-88 (inches)...................... 18.1 79.8 
Moisture ratios: 

58 PROPIG AUP ESP 6 O82 ote anit Jalen AN ON che aye .09 3.84 

59 Normally HEN Ta sinc ce Sane ee eaaren mae Ie nay SUL Le Ae? 4,48 

60 Normale Te avearn ing sani c to a ee 20 4.90 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 249 491 
Humidity: ; 

65 Normal mean} fsi(per cent). <.2¢ 5. eee ee ee. 40.9 84.0 

66 Normal mean, year (per cent). .........0.0<e0.-ce:. 48.1 82.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.1 16.4 
Sunshine: 

69 Normal total duration, fs (hours) ................... 1,127 1,927 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 42 1,566 

71 Normal P/E XT, fs, exponential method............. 405 11,724 

a Normal P/E XT, fs, physiological method............ 598 10,241 


TaBLE 133.—Climatic extremes for Parietaria pennsylvanica. 


Plat | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 25 318 

35 otidaysy (ascents ok eis ta eit esos came adie cess 0 141 

36 Woldidlay en sere ce ce Re ee coos aus is She eer eno aheekeks 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 6.6 

39 Exponential summation, fs (hundreds)............... 2.8 7.1 

40 Physiological summation, fs (thousands)............. 2.1 12.9 

41 PA BOR ITGE ITTINIUEINA ps51's wie, 6. c-nca ve alveye -<iass orevee tohe Gus oleate aca. —65 +10 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 42 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 

45 WNormal-dally mean year (OB'.)s06 ccc ce se ee rele: 35 60+ 
Precipitation: 

46 Normal datly.meam, 78 (inGh)\. ci. «61-5 ce es ore aeaeane 3 .022 .199 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 199 

48 Normal No. dry days (0.10 inch or less), fs........... 26 216 

49 Dry days, percentage of total, fs (per cent)........... 11 100 

50 Days in longest normal rainy period, fs.............. (0) 140 

51 Days in longest normal dry period, fs................ 4 216 

52 Mean total, year GNCHOS) <.cnies © ores... ce sacle ces +s 10+ 90 
Evaporation: 

53 Daily mean, 1887-88, fs Gnch)..6.. 20.02 c eek nan .052 .290 

54 Total annual, 1887-68) GQUChES)/... 2055 a+ nc asinns ncn. 18.1 79.8 
Moisture ratios: 

58 INi@iaks WW ENE Gone f56 on culo Seen emo Fey Oma” OB oa 09 3.84 

59 INOTmalay Ais rote mtacrtsij chet sete isprde te aces ee aL 4,48 

60 Normale He year cre 6:s0s 06 echelons clas os 14 4.90 
Vapor pressure: 

63 Neen mean, fs (hundredths inch).................. 249 545 
Humidity: 

65 Normal menn (8) (per Cem) raciee atte ce ole atereloatsy sre « 40.9 84.0 

66 Normal mean, year (per cent).......----+--++e-seees 45.4 82.1 
Wind: : 

68 Normal mean hourly velocity, fs (miles)............. By, i 16.4 
Sunshine: 

69 Normal total duration, fs (hours) ..........+.-.++++: 14 APA 1,927 
Moisture-temperature indices: 

70 Normal P/E <T, fs, remainder method.............. 42 1,566 

7/ab Normal P/E XT, fs, exponential method............. | 405 11,724 


79 Normal P/E XT, fs, physiological method........... | 598 10,837 


474. 


Plate | Temperature: Low High 

i Dave in normal frostless season (fs)........-.+-+++++: 25 318 

35 Hot days,e (ssi = clovsrcae siesier>. +, 02 caches cde) lel plete etees eretare 0 88 

36 OAGIGER Git Dexa oe ico Coot ec Coctoo cameo esamo © 0 158 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.6 Sal 

39 Exponential summation, fs (hundreds)............--- 2.8 5.4 

40 Physiological summation, fs (thousands)............-. Pant 8.0 

41 Absolute minimums «4 coc ercre en csoe © eo eee eienatepetaie ete ieee —59 +30 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 46 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8 

45 Normal daily, mean, -year (CH.))> 2 -ci-1-te <oyeeart otetarette 35 60 
Precipitation: 

46 Normal datlyimeany7sGuch)njeiertetae ae aetna te .037 .199 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 199 

48 Normal No. dry days (0.10 inch or less), fg........... 28 202 

49 Dry days, percentage of total, fs (per cent)........... 17 100 

50 Days in longest normal rainy period, fs.............. 0 106 

51 Days in longest normal dry period, fg................ 9 202 

52 Mean) total, tyear (Gnches)) sm. -)vclieleinie sateen steers ote 20— 90 
Evaporation: 

53 Dailyzmean, US87—S85 7s) uch)... ce eae eee eee .052 .275 

54 Total annual; 1887=88Gnehes)=..2...-+.--5..-s2-0% 18.1 76.5 
Moisture ratios: 

58 Normal? ly fair terrae seers site ee reer eern ee .19 3.84 

59 Normalan: Bee oe eee sccnrne tee pee eine ee .25 4.48 

60 Normal-P/ Ee year smcctes | anes tio entre tee ere -20 4.90 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 249 447 
Humidity: 

65 INormalimean, Jsu( Perce) ia ccdss cit. ciereiceete ereieneretoreee 46.7 84.0 

66 INormalimesn,, year (percent) 1s aces etree are eee 48.7 82.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 3.5 16.4 
Sunshine: 

69 Normal total:duration,/s (hours)... oe ee eee ae 1,127 1,927 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 58 1,566 

(il Normal P/E XT, fs, exponential method............. 563 11,724 

72 Normal P/E XT, fs, physiological method............ 710 7,869 


Plate 
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Taste 134.—Climatic extremes for Cornus canadensis. 


Temperature: Low. High. 
Days in normal frostless season (fs) ..............-.. 167 334 
Hotdaiys tf sthras oeicesw cere rie ei ee 0 365 
Coldidays) suc accrtt ance aa ene eee 0 43 
Remainder summation above 32°, year (thousands).... 18.0— 26.0+ 
Remainder summation above 39°, fs (thousands)...... 5.6 10.6 
Exponential summation, fs (hundreds)............... ARO) 11.8 
Physiological summation, fs (thousands)............. 4.1 21.4 
Absolute :mainimurm cece mis cree ee —32 +32 
Normal daily mean, coldest 14 days of year (°F.)..... 34 54 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
Normal idailyemean.syear (CHL) aaenne ete nee 60 — 7O+ 

Precipitation: 

Normalidaily, ameariise (L1G h)) seen ae een ea .020 172 
Normal No. rainy days (over 0.10 inch), fs........... 0 284 
Normal No. dry days (0.10 inch or less), fs........... 26 294 
Dry days, percentage of total, fs (per cent)........... 8 100 
Days in longest normal rainy period, fs.............. 0 157 
Days in longest normal dry period, fs................ 14 299 


Mean total)/yearc(inches) eet see eee eee 10-. 60 


70 
72 
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TABLE 135.—Climatic extremes for Spermolepis echinata—Continued. 


Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal 7/E, fs 


Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 


Wind: 

Normal mean hourly velocity, fs (miles) 
Sunshine: 

Normal total duration, fs (hours) 
Moisture-temperature indices: 


Temperature: Low. High. 
Days in normal frostless season (fs)................. 166 365 
PT OGORVA ty Gart aetna circa. otis s onc One ce ee 0 365 
KOOLANAUIUR F) Stamm eas Sr ce reste Omer tram isi eke oactosie en. 0 43 
Remainder summation above 32°, year (thousands).... 10.0 26.0+ 
Remainder summation above 39°, fs (thousands)...... 3.5 14.5 
Exponential summation, fs (hundreds)............... 4.1 15.4 
Physiological summation, fs (thousands)............. 23.9 31.1 
PNR LLDEC PEYLETILIINULTIN pepe, © tere ec ote oleselebtaiatchereke ere lepetaie sis aus —30 +41 
Normal daily mean, coldest 14 days of year (°F.)..... 31 69 
Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8 
Normal daily, mean, year (CBs) oi ccc oe an asi « oo nie ere var 50— 75+ 
Precipitation: 
Normal dallvomean, JS (inch) #2... 5c. eae op ae.e ccs kes .020 .199 
Normal No. rainy days (over 0.10 inch), fs........... 0 284 
Normal No. dry days (0.10 inch or less), fs........... 0 294. 
Dry days, percentage of total, fs (per cent)........... 0 100 
Days in longest normal rainy period, fs.............. 0 256 
Days in longest normal dry period, fs................ 0 299 
IWieamEGOtal sy Cal (INCHES) ieisiaie x occ smite +s 01e)0 6 6 ore cle « 10— 90 
Evaporation: 
Daily TCA SS 7 — 88576 ANCL) area cis o,< sie tists sleraperspolene .052 .3830 
Motalanntialel S8c—Ss (CUCHER) |e sees << eye o.c.0.0 3 0 cee 18.1 101.2 
Moisture ratios: 
IN OTTial 2) mds mepacere wiring oe tee sjs)s tLekeie sycad’eye.f> 12 3.84 
INfemmacca OL Pin aul ae Nor ca eee sake eipecr earte cern als 4,48 
INGE TRIE Sih SS BAe OO Oe eh Econo oe Hates .03 4.90 
apor pressure: 
Uae mean. 7s (hundredths meh)... . +s ss9+s4s- 300 707 
Humidity: 
Normal menn £8: (DeLCeMt) vj. « atarers) «sein cheep chs ogee efes+ 36.3 87.5 
Normal mean, year (per cent). ..........-.ceeverees 38.7 86.8 
es mean hourly velocity, fs (miles)............. 3.5 16.4 
Sunshine: 
Normal total duration, fs (hours) ............+++02+ 1,578 2,995 
otsture-temperature indices: 
pat P/E <T, fs, remainder method.............. 68 1,418 
Normal P/E XT, fs, exponential MEthOd septs lel eee 625 13,511 


Normal P/E XT, fs, physiological method...........- 1,186 24,265 
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Taste 137.—Climatic extremes for Parietaria debilis. 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands)...... 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily means year (che) cleo = ote etetee eters 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean toa), year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponentia] method 
Normal P/E XT, fs, physiological method 


Plate| Temperature: Low. High 
34 Days in normal frostless season (fs) ................. 189 305 , 
35 HOtidsye; fs) woavotere cleo one ote lara ie ciehatcie aoe ee ee 1202 186 
36 Cold! days, {aiatsactn seta atte Oe eae eee 0 0 
37 Remainder summation above 32°, year (thousands).... 18.0 
38 Remainder summation above 39°, fs (thousands)...... faa 10.1 
39 Exponential summation, fs (hundreds)............... 6.0% 9.044 
40 Physiological summation, fs (thousands)............. 15.0 20.6 
41 Absolute minimum een cites ete eee tel eee —5 +23 
43 Normal daily mean, coldest 14 days of year (°F.)..... 35% 50 +4 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ 
45 Normal daily, mean year (cls) seni ee een 60 704 
Precipitation: 
46 INormalidaily- means ysiinch) vein aie eee ie eee 
47 Normal No. rainy days (over 0.10 inch), fs........... yee 25 ae 
48 Normal No. dry days (0.10 inch or less), fs........... 200 — 283 
49 Dry days, percentage of total, fs (per cent)........... 80+ 100 
50 Days in longest normal rainy period, fs.............. 0 2 
51 Days in longest normal dry period, fs............... 1002 283 
52 Mean total, year (inches)...............-....- Pete ; 10— 20+ 


70 
71 
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TABLE 138.—Climatic extremes for Kallstreemia grandiflora—Continued. 


Plate | Evaporation: Low. 
53 Daily mean, 1887-88, fs (inch)..................0.. . 1804 
54 Total annual, 1887-88 (inches)..................005. 704 
Moisture ratios: 

58 IN Orme AE far ac itt IPN Irn SAE ol Bd 512 

59 Normal a/-F fs sc. te 5 teeta Ieee aor hoes eel a3 

60 NGS VALS 2/9 OSC aa eee Sipe Ste en 12 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 300 
Humidity: 

65 Normal’meanis fs (per cent) nse a ereeieiiee aeaki 36.3 

66 Normal mean, year (per cent)... ..-.. ascites aiacenss ox 38.7 
Wina: 

68 Normal mean hourly velocity, fs (miles)............. 4.5 
Sunshine: 

69 Normal total duration, fs (hours) ................... 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 98 

71 Normal P/E XT, fs, exponential method............. 906 

72 Normal P/E XT, fs, physiological method............ 1,790 


Temperature: 


Days in normal frostless season (fs)...............-. 142 
IEVOUROAA VS eee Ractin a teen one anh eieavclebe Git cleue mesnevaheie eecmie aie 113 
Old dav Ragas tee nos cue aie te hate usin. hotacale eae cap hos 0 
Remainder summation above 32°, year (thousands)... . a a sles 
Remainder summation above 39°, fs (thousands)...... 550 
Exponential summation, fs (hundreds)............... 5.9 
Physiological summation, fs (thousands)............. 10.3 
PAD SOLUbGrIMIN ERINULINI 28 os acon 5 etan'ae eiehdarevensy auphisiaale a at euh —29 
Normal daily mean, coldest 14 days of year (°F.)..... 27 
Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6 
Wormal daily mean, year (CH2) dance snes one cieeeiaeoie 55 — 
Precipitation: 
Normal daily, mean, fe (neh) 5s). seeic «elses engerencte ne wie .020 
Normal No. rainy days (over 0.10 inch), fs........... 0 
Normal No. dry days (0.10 inch or less), fg........... 133 
Dry days, percentage of total, fs (per cent)........... 77 
Days in longest normal rainy period, fs.............. 0 
Days in longest normal dry period, fs................ 53 
Mean. tovalsev ear: (nChES)) so... e110 arauaevar Wisi oa wiare ss 10— 
Evaporation: ’ 
iDaily.mean, 188/=—88, fs (neh). «,...2.. 2010s ariareeans .102 
Motalsanmialy 1 SS7—Ss NCNEA) sisi creseve onic wie Pin 'ss0. a ate 38.8 
Moisture ratios: 
ING SLI ETO PRG an an cas Oto DUO an tort Botte see Cs aL 
EN Orme lea iia, 8 a sone cele exe rattan pies ei eteep eae pate tenia .13 
BNorm alee? / any CA ota yee aia ato steter evans tat ote seen a 12 
Vapor pressure: 
Normal mean, fs (hundredths inch).................. 300 
Humidity: 
Nom alemente/ se (Per Cem ee iicretaee tie ae aie eh Weanielel iat 36.3 
INormalimesn yea (Der Cent). <)4)-9) 101 lee eit eae 38.7 
Wind: 
Normal mean hourly velocity, fs (miles)............. 4.5 
Sunshine: 
Normal total duration, fs (hours) ............-.2+655 1,700¢ 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method.............. 98 
Normal P/E XT, fs, exponential method............. F b8 


Normal P/E XT, fs, physiological method............ ; 


14. 


2,343 


737 
6,690 
| 13,926 
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TasLE 140.—Climatic extremes for Pectis paposa. 


Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 
Cold days, fs 
Remainder summation above 32°, year (thousands).... 
Remainder summation above 39°, fs (thousands) 
Exponential summation, fs (hundreds) 
Physiological summation, fs (thousands) 
Absolute minimum 
Normal daily mean, coldest 14 days of year (°F.)..... 
Normal daily mean, hottest 6 weeks of year (°F.)..... 
Normal daily mean, year (°F.).....-...-.--+---+-++-: 
Precipitation: 
Normal daily mean, fs (inch) 
Normal No. rainy days (over 0.10 inch), fs 
Normal No. dry days (0.10 inch or less), fs 
Dry days, percentage of total, fs (per cent) 
Days in longest normal rainy period, fs 
Days in longest normal dry period, fs 
Mean total, year (inches) 
Evaporation: 
Daily mean, 1887-88, fs (inch) 
Total annual, 1887-88 (inches) 
Moisture ratios: 
Normal P/E, fs 
Normal x/E, fs 
Normal P/E, year 
Vapor pressure: 
Normal mean, fs (hundredths inch) 
Humidity: 
Normal mean, fs (per cent) 
Normal mean, year (per cent) 
Wind: 
Normal mean hourly velocity, fs (miles) 
Sunshine: 
Normal total duration, fs (hours) 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method 
Normal P/E XT, fs, exponential method 
Normal P/E XT, fs, physiological method 


TABLE 141.—Climatic extremes for Euphorbia serpyllifolia. 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs) ..............-.. F459 334 
35 Hot days, 78 can ck oh eee ee 0 218 
36 Cold dave: fact ene oot t eee ee ee eer 0 158 
ot Remainder summation above 32°, year (thousands) .... 10.0— 26.0+ 
38 Remainder summation above 39°, fs (thousands)...... 2.4 10.3 
39 Exponential summation, fs (hundreds)............... 2.5 ine 
40 Physiological summation, fs (thousands)............. 2.6 2123 
41 Absolute minimum. sre ee ieee ele nee ere eee —65 +32 
43 Normal daily mean, coldest 14 days of year (°F.)..... 0 53 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
45 Normal idaily,meansyyeari(Ch.)me eee ete tee eee 35 70+ 

Precipitation: 

46 Normal daily;meanyyeiGnch). ene eee eee .009 .199 
47 Normal No. rainy days (over 0.10 inch), fs........... 0 2004 
48 Normal No. dry days (0.10 inch or less), fs........... 26 294 
49 Dry days, percentage of total, fs (per cent)........... 14 100 
50 Days in longest normal rainy period, fs.............. 0 172 
51 Days in longest normal dry period, fs................ 11 299 


52 Mean total? year (inches): qeseee eee eens 10— 40+ 


Fa Pe Ry a 
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TABLE 141.—Climatic extremes for Euphorbia serpyllifolia—Continued. 


Plate | Evaporation: Y 

53 Daily mean; 1887-88, fe (inch)... 2.2. .csce camcnencs en is 

54 Total annual, 1887-88 (inches)...................... 18.1 101.2 
Moisture a 

58 INOrmalsis os seen ate Actes che aera ote, ccester , 

59 ero ana ie ee erat ie Ree ta ce, 04 Wes 

60 IMA PRR IE da VOGT oc Foor Pye At bhokr ay eee gcse, 09 4.90 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 183 675 
Humidity: 

65 INormalmean, (6) (per cent)..cbe ea. ies eee rere. 22.6 87.5 

66 Normal mean, year (per cent)...................... 29.7 86.8 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. dao 16.4 
Sunshine: 

69 Normal total duration, fs (hours) ................... 127, 2,995 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 13 1,566 

71 Normal P/E XT, fs, exponential method............. 127 11,724 

72 Normal P/E XT, fs, physiological method............ 197 13,926 


Temperature: E 
34 Days in normal frostless season (fs)...............2- 198 365 


35 IBD Hs CN FNS EY sera Gp BE atts Be Cs POE A oe eee 147 365 

36 COCA V SIS eee te ore ite ne ke tie he hone tet ae 0 0 

37 Remainder summation above 32°, year (thousands).... 18.0 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... ad 14.5 

39 Exponential summation, fs (hundreds)............... 7.4 15.4 

40 Physiological summation, fs (thousands)..... Beech nye tanen: 13.6 Si 

41 AN ofa gies eavert are} bbe rye e eee hae RAE A eI FRE ES —13 +41 

43 Normal daily mean, coldest 14 days of year (°F.)..... 42 69 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 78.8+ weave 

45 INormalidaily mean, year! (CB’.) . 6 i pies c.s,siess shane @ ot ele 65 — 75+ 
Precipitation: 

46 INOEMIAlla at yamMenn, fs, (IMON)\s er. 2 tua nore sisiers o .0 6 ore .020 172 

A7 Normal No. rainy days (over 0.10 inch), fs........... 0 284 

48 Normal No. dry days (0.10 inch or less), fs........... 44 283 

49 Dry days, percentage of total, fs (per cent)........... 8 100 

50 Days in longest normal rainy period, fs.............. 0 187 

51 Days in longest normal dry period, fs................ iW 283 

52 Mean totaly year) Gnehes) ayes cris ioe ee ser aye) eleyofe eevee acs 10— 60 + 
Evaporation: 

53 Daily. meaty 6S 0 — O85) 7 Su ADC D) ayarayain o)shat- lo un\ofallepoil alelsteiiels .102 .330 

54 Motalannuals 188 ¢—So AMCMES) | arcs a alerete cs nic onein oie ni 37.0 101.2 
Moisture ratios: 

58 INR Q5P EP oman capo eee Ene enon E aon Oo CO alg, 1.20 

59 INO pian all arp 8 aap oe cscets (ot iese stern) aan Pons NpoRE 15 1.47 

60 Nor AGA Tee enon art: GocmDnD Ons .03 1.47 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)...............+.. 300 707 
Humidity: 

65 Normal means) (Der COMb) ia. tere. a)-s-eke sieves aim @ onatahed ens ai 36.3 81.9 

66 Normal mean, year (per cent). ....2.-..0+2-eeeseees 38.0 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.5 123 
Sunshine: 

69 Normal total duration, fs (hours) .......-.-+.+-++++5 2,100 —2 2,650 
Moisture-temperature indices: | 

70 Normal P/E XT, fs, remainder method..........-++- 98 1,314 

(pl Normal P/E XT, fs, exponential method............. 


72 Normal P/E XT, fs, physiological method............ 1,000 —¢ 
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Taste 143.—Climatic extremes for Orybaphus nyctagineus. 


Plate | Temperature: Low High 

34 Days in normal frostless season (fs)....----+-+-++++: 103 331 

35 Hot days) fo. cccce acto eee eee oie ool eho ote netera ue mir tea aRe 30 215 

36 Cold days fas coisas ciote es ctete or osonet olete referee eastern aged 0 158 

BYE Remainder summation above 32°, year (thousands).... 10.0— 18.0+ 

38. Remainder summation above 39°, fs (thousands)...... 2.9 10.6 

39 Exponential summation, fs (hundreds)............-.. 3.0 ah Ere 

40 Physiological summation, fs (thousands).............  Bilh 21.2 

4l IN oe ihbhireysritbob teak 080) in ee a mo mmOmONGTe Ooh Poet eC Se —59 +19 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 53 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8 

45 Normal daily mean,ryear (CEs) screenees estes eens erect 35 70 
Precipitation: 

46 Normalidailys mean ys: (inch). es eine eens .070 .159 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 284 

48 Normal No. dry days (0.10 inch or less), fs........... 28 2502 

49 Dry days, percentage of total, fs (per cent)........... 8 100 

50 Days in longest normal rainy period, fs.............. 14 172 

51 Days in longest normal dry period, fs................ 12 88 

52 Meant total syearnanches)a seem sire tect tee erate 20 — 60 
Evaporation: 

53 Daily mean: 1887-88, fe (inch) s:.4-- seems eee eee < .101 .195 

54 Total annual WSS 7—s8cdnehes) -acace eiceeaia ai terete 22 0t 76.5 
Moisture ratios: 

58 Normalt? Ee fs 7 cain cecmicnices aero aare ee -39 12k 

59 Normalan) Bes farrs cttg ret oe eee era aoe .26 fes2 

60 Normal “P/HA year sic sche seh Le eee .38 1.26 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 274 675 
Humidity: 

65 Normal mean, fs. (per cent). nuisiee «ere oeiereiel oan ete 36.3 80.2 

66 Normal mean, year ‘(per cent))....<-nsieet eile cle Sale ele 48.1 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6.0 14. 
Sunshine: 

69 Normal ‘total duration, js1(hOurs)isa-em cme cack ce 1,127 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 58 1,304 

71 Normal P/E XT, fs, exponential method............. 563 11,956 

72 Normal P/E XT, fs, physiological method............ 710 23,381 

TaBLe 144.—Climatic extremes for Orybaphus angustifolius. 
Plate | Temperature: Tow } 

34 Daysin normal frostless season (fs)................-. 83 ae 

35 Hot. days-fs.cosaea eee i, SO eee 0 218 

36 Colddayer fs ix Svae cts ng eee ERC ee ne 0 140 

3¢ Remainder summation above 32°, year (thousands).... 10.0— 26.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.4 10.6 

39 Exponential summation, fs (hundreds)............... 2.4 11.7 

40 Physiological summation, fs (thousands)............. 2.6 21.4 

41 A bsolutelnanim umes oe eee ea eer one aay 422 

43 Normal daily mean, coldest 14 days of year (°F.)..... 9 53 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8+ 

45 | Normal daily mean, year (°F.).................... 45 70-+ 

se Precipitation: ’ 

INormalidaily, meansassu Cinch) ia aie ieieee ann 2 

47 Normal No. rainy days (over 0.10 inch), fs......... : ie a 257 “8 

48 Normal No. dry days (0.10 inch or less), fs........... 32 259 

49 Dry days, percentage of total, fs (per cent)........... 14 100 

50 Days in longest normal rainy period, fs.............. 0 157 

51 Days in longest normal dry period, fs............ 15 2504 

52 Mean total, year (inches)............0.....00000 10 50 
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TABLE 144.—Climatic extremes for Oxybaphus angustifolius—Contin ued. 


Plate | Evaporation: Low. High. 
53 Daily mean piss7—es. fe (inch))...s. 66 denuesas. .102 .3830 
54 Total annual, 1887-88 (inches)...................... 37.0 101.2 
Moisture ratios: 

58 (Nom als ABRs. aeaipeeetyn eoivon ior Abe ee Se, 10 1.01 

59 (Nommal ah e/e omer inher ee dle enn etn ye aS, 1.05 

60 Normal PRA year «ota to eed ate om cee 12 16 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 300 675 
Humidity: 

65 Normalsneant/s) (percent) = sarsran ohesien ckuctel clon. 37.0 (30 

66 Normaltmeansyvean (percent)... 1-50. .:.eomeceoe. ac 38.8 85.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 4.5 14.2 
Sunshine: 

69 Normal total duration, fs (hours)................... Tere 2,650 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 58 1,142 

71 Normal P/E XT, fs, exponential method............. 563 10,331 

72 Normal P/E XT, fs, physiological method.....:...... 710 20,570 


TasBLE 145.—Climatic extremes for Oxybaphus floribundus. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)................. 94 261 

35 ET rune ABs Coe Mer earn cen Serpe meee aot x he eet ects 30 173 

36 COG CRY Se Lakers Oraarete cisco swcls Seog athe wd 2 hee 0 158 

aye Remainder summation above 32°, year (thousands)... . 10.0— 18.0+ 

38 Remainder summation above 39°, fs (thousands)...... 2.9 8.6 

39 Exponential summation, fs (hundreds)............... 3.0 9.6 

40 Physiological summation, fs (thousands)............. =e 17.6 

Al PAI SOLU GEM IMET UTS or nae tio Vise, reed ae ORS Leis icncualeeee —65 +19 

43 Normal daily mean, coldest 14 days of year (°F.)..... 0 46 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4 78.8 

45 Normabdaty means year (CE) sa.04 cle nies ec eleety « 35 65 + 
Precipitation: 

46 INormalidathyimean: 6 Gneh)|s. Hee... cas aes tase .049 .128 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 182 

48 Normal No. dry days (0.10 inch or less), fs........... 28 203 

49 Dry days, percentage of total, fs (per cent)........... 14 100 

50 Days in longest normal rainy period, fs.............. 0 172 

51 Days in longest normal dry period, fs................ ilgl 163 

52 INVGATIELGLAl wVCAE (AZICHES) in oye areca wi sionotsycionpinleceud aun iblelelotels 20 50+ 
Evaporation: 

53 Waily mean SS 88,078 (NCH) cine < 4) stele Gpeleivisle wo ateiers .101 . 200 

54 Totvanwaal. LSe1—Se: (CHES), «2.2151 0 < wiecis were gee 6 oer 2271 76.5 
Moisture ratios: 

58 Ril 9 CARA ee Ae Se oe 19 1.23 

59 INortiall a / i a(Se asco seen ENS Le at ede ee 25 89 

60 INGA 20), SEEN ae oA ea DD Aoyama Odo oMers dae .18 al fait) 
Vapor pressure: 2 

63 Normal mean, fs (hundredths inch).................. 253 545 
Humidity: f 

65 Nornral mean, fs (per Cent) + sscat-e ne lecl> i) tavie eae 4 45.8 73.5 

66 Normal mean, year (per cent).......+-++-+-eeseeeees 48.1 74.2 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. 6.0 14.2 
Sunshine: 

69 Normal total duration, fs (hours).........-...+++0+- 124 2,166 
Moisture-temperature indices: ae 

70 Normal P/E XT, fs, remainder method............-. 58 700 

al Normal P/E XT, fs, exponential method............. 563 6,410 

72 |- Normal P/E XT, fs, physiological method............ 710 12,977 
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Taste 146.—Climatic extremes for Flerkea occidentalis. 


te ee 
Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs).......----+-+-- 25 224 

35 leh ache hme n Ae amaadhoocnom alors toc so mart 0 105 

36 Coldid ays; (3 ccse ene citreo cteiei ot ett ete te erie ie edition Mepis 0 134 

37 Remainder summation above 32°, year (thousands). . 10.0— 11.5+ 

38 Remainder summation above 39°, fs (thousands)... . IEF E 5.4 

39 Exponential summation, fs (hundreds)............- 2.8 Death 

40 Physiological summation, fs (thousands)..........-. Baoaf 9.9 

41 Nor ielkiqdavrmbisoinas Aros oA teruaoieso aot as —48 —2 

43 Normal daily mean, coldest 14 days of year (°F.)... 17 39 

44 Normal daily mean, hottest 6 weeks of year (°F.)... 64.4— 71.6+ 

45 Normal daily mean, year (CH .) 02.2.1... «sels eee 40— 50+ 
Precipitation: 

46 Normalidaily mean, jsiGmch)crccs se etts rier .025 .079 

47 |. Normal No. rainy days (over 0.10 inch), fs......... 0 73 

48 Normal No. dry days (0.10 inch or less), fs......... 104 216 

49 Dry days, percentage of total, fs (per cent)......... 70 100 

50 Days in longest normal rainy period, fs............ 0 at 

51 Days in longest normal dry period, fs.............. 101 216 

52 Mean total, Vear (nChes) sjeterectentars steerer teers 10+ 50+ 
Evaporation: 

53 Daily, mean; 1887—S8,) Js) Gnch) .-.-.ee. ae oe selene .120 . 260 +2 

54 Total annual, 1887-88 (inches).................... 34.7 69.0 
Moisture ratios: 

58 Normal: PE ofansemntercte oracle sade cols tha «sere etre 18 .66 

59 Normals JUS {3.100 cng atemioronine et aera antes eee ie ESS) 

60 Normali P/E year costs: ccm sini oii ae oh Oe 28 1.30 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................ 236 329 
Humidity: “ 

65 INormal-mean,./8 (per Gent) rarities s ae rere ae 45.8 71.4 

66 INormal:mean; year (per cent)... 4.2 2a. eee oer 48.1 75.5 
Wind: 

68 Normal mean hourly velocity, fs (miles)........... 4.3 7.5 
Sunshine: 

69 Normal totaladurations Ss) (hours) lei ieisieler stele 1,167 1,578 
Motsture-temperature indices: 

70 Normal P/E XT, 8, remainder method............ 66 332 

(a! Normal P/E XT, fs, exponential method........... 623 3,052 

i2 Normal P/E XT, fs, physiological method..........| 1,204 3,160 


Plate | Temperature: Low. High. 
34 Days in normal frostless season (fs)................- 108 224 
35 Hot days, faa n cnet bho oe eae re 0 153 
36 Cold'davat {sts ccdirn we a eet Re eee tre ee 0 137 
37 Remainder summation above 32°, year (thousands) .... 10.0— 18.0+ 
38 Remainder summation above 39°, fs (thousands)...... 256 TEA) 
39 Exponential summation, fs (hundreds)............... asl 7.9 
40 Physiological summation, fs (thousands)............. 21 14.4 
Al IME OLUGKC ASNT LIN, ouae oe ome ce ase adey Sede 2 —40 —5 
43 Normal daily mean, coldest 14 days of year (°F.)..... 15 40 
44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 78.8+ 
45 Normal idatlyemeans: year (ky) ars aera 35 60+ 

Precipitation: 

46 Normal ‘dailyzmeant 73a Chetan ne .089 AST 
47 Normal No. rainy days (over 0.10 inch), fs........... 26 161 
48 Normal No. dry days (0.10 inch or less) fs........... 19 136 
49 Dry days, percentage of total, fs (per cent)........... ii 83 
50 Days in longest normal rainy period, fs.............. 21 bile 
51 Days in longest normal dry period, fs................ 4 91 
52 Mean total “year (inches) seen ae nee 30-— 60+ 
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TABLE 147.—Climatic extremes for Flerka proserpinacoides—Continued. 


a a ae 


Plate | Evaporation: 


D) 

53 Daily mean, 1887-88, fa (inch) ..... 4. ..ccece Uae ae 

54 Total annual, 1887-88 (Qnches) Wot ee ee ek ae 20.3 54.8 
Moisture ratios: 

58 NOEMAL UD Murr. cc ehamaee near cots), hee Ate ne 61 1.39 

59 OreAl afin ie ects. JMG oe arn Ay ete .60 1.63 

60 INGtIMALE Ea Veale... Jala a) i Seti ey tt So 72 ep? 
Vapor pressure: 

63 Normal mean, fs (hundredths inch).................. 345 545 
Humidity: 

65 iNormalimeannys (per cent) esasek Seen » 65.6 84.0 

66 Normal mean, year (per cent)...............00000-. 67.5 82.1 
Wind: 

68 Normal mean hourly velocity, fs (miles)............. Sal 14.9 
Sunshine: 

69 Normal total duration, fs (hours)................... 1,225 1,878 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method.............. 301 593 

71 Normal P/E XT, fs, exponential method............. 2,914 1,592 

72 Normal P/E XT, fs, physiological method............ 2,747 10,837 


TaBLE 148.—Climatic extremes for Trautvetteria grandis. 


Plate | Temperature: Low. High. 

34 Days in normal frostless season (fs)..............-0. 25 318 

35 HT OLS AU Aas eer ete tet ele cia oe eo ern tote ate 0 57 

36 RCOLGTA Hy Bisse ccc = Pe aes Siete e elctsroe ee ne eros 0 149 

37 Remainder summation above 32°, year (thousands).... 10.0— 18.0 

38 Remainder summation above 39°, fs (thousands)...... Pah 5.4 

39 Exponential summation, fs (hundreds)............... 2.8 5.7 

40 Physiological summation, fs (thousands)............. 1.9 8.4 

41 PA DSONIES TMINIMUIN ser > aiee wes oe are ee Gaels Makes wee —61 +30 

43 Normal daily mean, coldest 14 days of year (°F.)..... 17 42 

44 Normal daily mean, hottest 6 weeks of year (°F.)..... 64.4— 71.6+ 

45 Normalidaily mean. year (CE.)ice.s.ceees oe cme sane « 40 — 60 
Precipitation: 

46 iNormal daivameans js (uch)... sce erie nee eee .025 .199 

47 Normal No. rainy days (over 0.10 inch), fs........... 0 199 

48 Normal No. dry days (0.10 inch or less), fs........... 72 179 

49 Dry days, percentage of total, fs (per cent)........... 27 100 

50 Days in longest normal rainy period, fs.............- 0 99 

51 Days in longest normal dry period, fs..............-- 56 216 

52 Mennktotaliey cana (NCOs) o cersieias eric 5 = lake. a teyela.c ior 20+ 90 
Evaporation: 

53 Wailyamenne 1987-85, 78) NCD) ieee ac ere tlele cha ee eiacs 052 .293 

54 Total annuals a Ss7—SO UNCHES)iccadso os +c cae cermaee we 18/1) 79.8 
Moisture ratios: 

58 NMarainlte bn tied. iée third 208s tite < Die imaloaa mets .18 3.84 

» 59 Dotrrrrinlae ip 18 sie cs wo Ricdernemia rian, wrk a leo 14 a Pohang ale .20 4.48 
60 iNjoretl| JOR SG omeree OR OP OD Oc DAO Hagan 2 cre 18 4.90 
apor pressure: 

63 uf eral mean, fs (hundredths inch)..............++-- 233 329 
Humidity: 

65 Normal mean, fs (per Cent). .......-2.cucceeeeeeeee 41.5 73.6 

66 Normal mean, year (per cent)........20.0.20eeee eee 45.4 76.2 
Wind: : j Ph 

68 Normal mean hourly velocity, fs (miles)..........+-- 3.5 ; 
Sunshine: 

69 Normal total duration, fs (hours).............-+++- 1,167 1,578 
Moisture-temperature indices: 

70 Normal Pi EXT, fs, remainder method...........--: 81 re 

71 Normal P/E XT, fs, exponential method..........--- | 691 ies 

72 Normal P/E XT, fs, physiological method.........--- 809 ; 


| UD es ee 
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TaBLE 149.—Climatic extremes for Trautvetteria carolinensis. 


Plate | Temperature: LI ow High. 

34 Days in normal frostless season (fs).....------+-+-- 145 231 

35 FIG Ga VastfS once eee Cc bela ire (alal stale kote -tegee hereto met 63 160 

36 (OWN RUho Cnnee aoilinc we ore cote Amore Oeics 0 66 

37 Remainder summation above 32°, year (thousands).. 11.5— 18.0+ 

38 Remainder summation above 39°, fs (thousands).... Baa!) 720) 

39 Exponential summation, fs (hundreds)...........-- 3.9 8.2 

40 Physiological summation, fs (thousands)........... elf 15.0 

41 (Absolute minimus. ie soe ee eke ise seme aerate —35 +4 

43 Normal daily mean, coldest 14 days of year (°F.)... 16 45 

44 Normal daily mean, hottest 6 weeks of year (°F.)... 64.4— 78.8+ 

45 Normal daily. mean, year (CH) i121 ciliolata 50— 60+ 
Precipitation: 

46 Normal datly.mean,)(6)Gnch) ee creettetitace eto te aie .099 .147 

47 Normal No. ra ny days (over 0.10 inch), fs......... 91 161 

48 Normal No. dry days (0.10 inch or less), fs......... 19 93 

49 Dry days, percentage of total, fs (per cent)......... 11 49 

50 Days in longest normal rainy period, fs............ 52 172 

51 Days in longest normal dry period, fs.............. 4 56 

52 Mean total, year: Gnehes) 7-2 sees tei oes 40 — 60+ 
Evaporation: 

53 Daily mean, 1887-88, fs Gneh)i.. esse o.e seas Hees ee .140 —2 - 200 

54 Total annual, 1887-88 (inches)...............-.-5- 38.3 54.8 
Moisture ratios: 

58 Normale /Ey fs semerrtcreceatra anes ciets elcre slete ere ener alors sei! 1.00 

59 Normalan /By fecmrsars. cance tice he cee haere arene .60 1°25 

60 Normal P/E year nse epee sce cee ee aeianee eee it2 1.16 
Vapor pressure: 

63 Normal mean, fs (hundredths inch)................ 345 545 
Humidity: 

65 INormalimean, 7s (percent) acs. emia ieiiee eee ee 65.6 RTA 

66 Normalomean, year) (per. cent) sitemeter se eee 67.5 75.7 
Wind: 

68 Normal mean hourly velocity, fs (miles)........... Si) h 9.4 
Sunshine: 

69 Normal total duration, fs (hours)................. 1,403 1,878 
Moisture-temperature indices: 

70 Normal P/E XT, fs, remainder method............ 316 593 

71 Normal P/E XT, fs, exponential method........... 3,007 5,631 

72 Normal P/E XT, fs, physiological method.......... 5,112 10,061 


Plate | Temperature: 
Days in normal frostless season (fs) 
Hot days, fs 


Remainder summation above 32°, year (thousands).... 
Remainder summation above 89°, fs (thousands) 
Exponential summation, fs (hundreds) 

Physiological summation, fs (thousands) 

Absolute minimum 


Normal daily mean, coldest 14 days of year (OR) 
Normal daily mean, hottest 6 weeks of year (°F.) 
Normal daily mean, year (°F.) 

Precipitation: 
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TABLE 150.—Climatic extremes for Cebatha diversifolia—Continued. 


Evaporation: Low 
Daily mean, 1887-88, fs (inch)...................... 188 
Total annual, 1887-88 (inches)...................... 60 —4 

Moist ure ratios: 

Norma lD Epis. ete. easy ei ee eh 12 
Normalan ie jsut eae eee Cee ee ee eee en 15 
INormalt Py eyoate ati ee. ee eee eae eee 12 

Vapor, pressure: 

Normal mean, fs (hundredths inch).................. 300 — 

Humidity: 

Normal simeans. (si (per Cent) yas te ti eee oe 30.0—4 
Normal mean: year (per cent)... .......0es.leo.e oe 40.0—4 

Wind: 

Normal mean hourly velocity, fs (miles)............. 6.0—4 

Sunshine: 

Normal total duration, fs (hours)................... 2,300¢ 

Moisture-temperature indices: 

Normal P/E XT, fs, remainder method.............. 100 —4 
Normal P/E XT, fs, exponential method............. 1,000 —2 


Normal P/E XT, fs, physiological method............ 1,000 —4 


Pee 


Tasie 151.—Climatic extremes for Cebatha carolina. 


——___  nh—h 


Plate 


70 
72 


Temperature: Low. 
Days in normal frostless season (fs)................. 172 
PT OGIO AVS, Gen eee Le Se Sab oe a ome a vt ens, ae et 129 
(Che Vel: Ca Fe Seg WS Fi Oak lly Oe cRNA a aes cn i A a 0 
Remainder summation above 32°, year (thousands).... LS 
Remainder summation above 39°, fs (thousands)...... 6.3 
Exponential summation, fs (hundreds)............... 6.7 
Physiological summation, fs (thousands)............. 11.9 
PAIDBOMIES TIETITEV TIN = o..c coxa, © oto ct os cues ssa lay sights staue Glas —32 
Normal daily mean, coldest 14 days of year (°F.)..... 32 
Normal daily mean, hottest 6 weeks of year (°F.)..... 71.6 
INormaldaily:mean, year (CE .)i¢. 9 <b.c0s cco es apererels 55+ 
Precipitation: 
Normaldaily mean, fs Ginch)!) (25126. a2.)s slreline elave .052 
Normal No. rainy days (over 0.10 inch), fs........... 39 
Normal No. dry days (0.10 inch or less), fg........... 26 
Dry days, percentage of total, fs (per cent)........... 8 
Days in longest normal rainy period, fs.............. 25 — 
Days in longest normal dry period, fs................ 14 
Mean LoLal my eat (CHES) ects sie teste mike eae 2 liste « 20 
Evaporation: 
Daily means 1887-88, 76 GUCh) cas. ie «cles ee wees .102 
Motaltannizal, 1887-89 GMCHES) er levee elem ceils eerie i 38.4 
Moisture ratios: 
Normalele Jie isivet tins aerial > <p) ie seeks trail sruele 34 
Riggs Sy VoMN hac ecw s Doman Jbuidod Csnetceae amare AT 
Nani OGL strides ae abet o fb o Ben ye condom 24 
Vapor pressure: 
Normal mean, fs (hundredths inch).........-...-.... 4004 
Humidity: 
Normalimean, 7 (percent) <a. a> see orgie cm ase os « 509 
Normal mean, year (per cent).........--..+--..---- 63.9 
Wind: 
Normal mean hourly velocity, fs (miles)..........-.. 5.1 
Sunshine: f 
Normal total duration, fs (hours). .........-.++-++5- 1,878 
Moisture-temperature indices: 
Normal P/E XT, fs, remainder method............-- 300 —4 
Normal P/E XT fs, exponential method............ ee 


Normal P/E XT, fs, physiological method............| 4, 


ee EER 
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DISCUSSION AND PRELIMINARY INTERPRETATIONS OF 
THE CORRELATION DATA. 


I. CORRELATIONS AS INDICATING CONTROLLING CONDITIONS. 


An adequate discussion of the extreme values of each of the climatic 
conditions which we have used, and of the probable importance of each 
of them in controlling the distribution of the various vegetations and 
species, would lead beyond the bounds of practicality if extended to 
all of the 3,906 readings comprised in the tables just given. It has 
seemed desirable, therefore, to discuss the controls for the vegetational 
areas and groups of growth-forms, and for only a selected series of the 
individual species. Such a discussion involves repeated reference to 
the tables of climatic extremes and to the graphs in which selected 
extremes are shown, as well as frequent direct comparison of the 
plates showing the isoclimatic lines and those showing the distribu- 
tional limits in question. 

We are far from taking the position that it is possible to point out a 
single climatic condition which may be regarded as acting alone in the 
control of any distributional feature. Enough has been said in pre- 
ceding sections to indicate the importance that we attribute to the 
combined operation of the entire constellation of climatic conditions 
in determining the distribution of species and vegetations, as well as 
in controlling their physiological processes. Our desire to consider the 
climatic conditions collectively, so far as possible, has been responsible 
for the elaboration of the data of the moisture ratio and of the moisture- 
temperature indices. The evaporation data may also be regarded as 
a collective expression of separate climatic elements, although the 
plant is influenced by these elements collectively just as the atmometer 
is, in addition to whatever other separate effects they may have. 

The tables of climatic extremes show a very large number of cases 
in which species or vegetations are subjected to at least one-third of 
the entire gamut of difference exhibited by the climatic conditions, 
at least in the United States, and there is a large number of cases in 
which they are subjected to more than half of it. The endurance of 
such widely differing conditions is partly real and partly such as to 
require qualification. Widely dissimilar temperature conditions are 
encountered by those grasses of the Great Plains region which extend 
from the Canadian boundary to the Rio Grande, and widely unlike 
conditions of evaporation and the moisture ratio are encountered by 
plants of southern transcontinental distribution, such as Daucus 
pusillus or Cephalanthus occidentalis. In the case of Daucus, however, 
the seasonal habits of the plant are entirely different in the three sec- 
tions of its range, so that a comparison of the moisture conditions of 
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the entire frostless season throughout the range is meaningless. In 
the Desert area the entire life-history of this annual plant is passed 
in the earliest weeks of the frostless season and it escapes the more 
arid conditions of the late spring and early summer by existing only as 
dormant seeds during that season. Cephalanthus is in foliage through- 
out its range during the entire frostless season, but, like several other 
plants that we have used, it is found only in palustrine situations, and 
its ability to withstand high intensities of evaporation is entirely differ- 
ent from the ability of Covillea or of Artemisia tridentata to withstand 
the same intensities. In short, the conditions expressed by the moisture 
ratio are not applicable to Cephalanthus nor to any other aquatic or 
palustrine plant, since conditions of precipitation in the distributional 
areas of such forms have no immediate relation to their water-supply. 

The fact that a given plant is able to withstand a particular climatic 
condition of high or low intensity does not mean that the plant is able 
to withstand it in all parts of the distributional range of that intensity. 
The eastern deciduous trees are unable to follow westward the tempera- 
tures which are favorable to them, and Covillea tridentata is unable 
to follow northward the moisture conditions which favor it. This is 
simply another way of stating the fact, already emphasized, that the 
influence of a given climatic intensity is determined by the accom- 
panying intensities of other climatic conditions. And, furthermore, 
_ the manner in which a given climatic intensity is modified by other 
\features of the climate is different for almost every two plants that 
nmiay be compared. 

In the tables of climatic extremes may be noted very many cases in 
which plants or vegetations range through only a small part of the 
total gamut of a particular climatic condition. It may be seen more 
readily in the diagrams (figs. 21 to 74) that there are numerous 
extremely short blocks, indicating that the plant in question meets only 
a smaill part of the nation-wide scale of intensities of this condition. 
It stamds to reason that a narrow amplitude of a climatic condition, 
represented in the graphs by a short block, indicates that the condition 
in question is more critical for this plant than the conditions which 
show a wide amplitude. If, for example, a plant is limited on the 
south, by a boundary which corresponds closely with the isotherm of 
60° normal daily mean temperature and is bounded on the north by the 
corresponding isotherm of 50°, the dimensions for this element of the 
climate will be narrow. Such a distribution, however, would cross 
nearly all of the isoclimatic lines indicating differences in the normal 
daily mean precipitation, so that the dimensions for that element 
would be very broad. It is obvious that such a distribution would be 
controlled by the daily mean temperature of 50° and 60°, and would 
have no control from the daily mean precipitation. The narrow and 
broad dimensions, or amplitudes, indicated respectively by short and 
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long blocks in the figures, would therefore give a suggestion as to the 
more important of these two climatic conditions in the control of the 
distribution of such a hypothetical plant. 

Although the comparative amplitudes of two climatic conditions 
may serve as indicators of their relative importance in controlling a 
stated case of distribution in an area as large as the United States, it 
needs always to be borne in mind that we are dealing with only a part 
of the total possible amplitude of the conditions for the entire globe. 
Our method would be much more useful if we were studying the vege- 
tation of an area sufficiently large to comprise the greatest known 
extremes under which plants occur, and it would be of little use in 
investigating the controlling conditions of a small area. 

It must also be kept in mind that the minimum and maximum values 
of a condition which shows wide amplitude in a particular distribu- 
tional area are just as truly the limiting intensities as are those of a 
condition exhibiting narrow amplitude in the same area. The desert 
grass Hildria jamesii, for example, encounters a range of length of 
frostless season from 72 to 296 days, which is a rather wide amplitude, 
being nearly two-thirds that for the United States. Although this 
perennial grass is able to accommodate its vegetative activities to a 
frostless season which is twice as long in some parts of its range as it 
is in others, there is still every reason to believe that Hilaria.is unable 
to carry through its development with a frostless season of less than 
72 days, at least under the conditions which accompany a season of 
that length in the region in which Hilaria encounters them. It is 
unable, likewise, to spread into regions with a frostless season of more 
than 296 days, due undoubtedly to some accompanying adverse con- 
ditions rather than to too long a season favorable for growth. Althcugh 
there is a wide range of differences in length of growing-season: which 
have no apparent restricting influence on the distributional movements 
of Hilaria, we must not allow this fact to obscure the possibility that 
the ultimate extremes which it encounters are indeed of importance to 
its limitation. While Hilaria is able to accommodate itself to frost- 
less seasons of widely differing length, it is able to grow only within 
narrowly restricted limits with respect to the values of the moisture 
ratios; it encounters extremely narrow amplitudes of all of these ratios. 
Its limitation, at different parts of its distributional edge, by frostless 
seasons of very different lengths, indicates that associated conditions 
have much to do with whatever influence the length of season may be 
able to exert. Its limitation by moisture ratios of so nearly the same 
value means that the influence of this compound condition is but little 
affected by the various values of associated factors that are to be 
found on different parts of the distributional limit. This Is as much 
as it is possible to infer from the statement that one environmental 
condition is more important that another in limiting plant distribution. 
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In order to make a thoroughgoing and entirely satisfactory investi- 
gation into the nature of the conditions which limit a plant at the 
various portions of its distributional edge, we should ascertain the 
entire complex of conditions for numerous localities along this edge. 
We should know at the outset the amplitude of each condition for 
the entire range of the plant or vegetation, and should know the 
localities (usually on the edge of the geographic range) at which the 
extreme values are encountered. For each station at which a maximum 
or minimum value of any condition was found we should then ascertain 
the entire constellation of other conditions. Since no extreme condi- 
tion operates in any other way than in conjunction with the associated 
conditions of the same locality, we might thus be able to ascertain the 
controlling complex of conditions for the given locality, and, in turn, 
for all other localities in the edge of the distributional area. But the 
problems with which we are dealing are too new, and the available 
quantitative data and precise information pertaining to them are too 
limited at present, to warrant serious attempts to pass beyond the 
limits of very general considerations. ; 


II. COMPARATIVE CLIMATIC FEATURES OF THE NINE GENERAL 
VEGETATIONAL AREAS. 


Before,considering the complexes or constellations of climatic condi- 
tions which characterize each of our various vegetational areas, it will 
be instructive to see how the extreme values of several of the leading 
features of the climate compare in these areas. Our later discussions 
will concern the whole climatic character of each botanical area, 
whereas we now wish to compare each climatic element singly and as 
differing in intensity among the nine general vegetational areas. For 
this purpose 12 of the climatic charts have been selected (plates 34, 
35, 36, 40, 43, 46, 52, 58, 59, 65, 69, and 72), and their climatic dimen- 
sions are presented in figures 21 to 26. These charts will now be con- 
sidered in order. 

Number of days in normal frostless season (plate 34, fig. 21).—A com- 
parison of the blocks in this graph shows that the longest frostless 
seasons are found in the Desert and the western section of the Northern 
Mesophytic Evergreen Forest, and that nearly as short a season is 
found in the Grassland. The first two of these have maximum values 
which nearly coincide, meaning that there is almost exactly the same 
amplitude? in the length of the frostless season in these two very dis- 


: 1 The word “‘amplitude”’ is used throughout the succeeding pages to express the degree of dis- 
similarity between the values of a climatic condition in the different parts of a botanical area. 
Numerically it is the difference between the maximum and the minimum value for the area. This 
is done in order to avoid the use of the word ‘‘variation,” which might be taken to indicate the 
seasonal differences, or the differences from year to year, at the same climatological station. 
We are not here concerned with the seasonal or annual march of any of the climatic condi- 
tions, nor with any of their other variations, but solely with the differences which their index 


values exhibit from place to place, and with the broad or narrow amplitude of these differences in 
given areas. 
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similar vegetations. The longest frostless season is found in the South- 
eastern Mesophytic Evergreen Forest, and the amplitude for that 
vegetation is approximated by the Semidesert. Aside from the cases 
mentioned, there is considerable dissimilarity between the amplitudes 
of this condition in the various vegetations, particularly between the 
Evergreen Forest areas. The amplitudes of the other areas overlap 
to such an extent that in all five of them it is possible to find localities 
with frostless seasons ranging from 197 to 245 days in length, that is, 
from the minimum for Semidesert to the maximum for Grassland. 
This same range of seasonal length may also be found in all of the 
Evergreen Forest areas except the eastern section of the Northern 
Mesophytic Evergreen Forest. 

Hot days (plate 35, fig. 21) —The number of days with a normal daily 
mean temperature of 68° or above is relatively uniform for the first 
group of vegetations (group A), although reaching slightly lower 
maximum values for Grassland and Grassland Deciduous-Forest 
Transition. The Northwestern Hygrophytic Evergreen Forest has 
no hot days in any part of its range, and portions of four other vegeta- 
tional areas are also without hot days in this sense. The greatest num- 
ber of hot days is encountered in the Southeastern Mesophytic Evergreen 
Forest, where the range from 120 to 180 days, which is characteristic 
of a large area in this vegetation, is raised to 365 days for Key West. 

Cold days (plate 36, fig. 22) —The number of days with a normal daily 
mean temperature of 32° or below is a climatic feature of great ampli- 
tude for several of the second group of vegetations (group B). The 
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Grassland area exhibits the total range for the United States, from no 
cold days in the south to 158 at the Canadian boundary, and the 
Grassland Deciduous-Forest Transition shows nearly as great an 
amplitude with respect to this condition. The two Semidesert areas 
are without cold days, and the Desert area is surprisingly like the 
Deciduous Forest in the amplitude and extremes of this condition. 
The Northwestern Hygrophytic Evergreen Forest is also without 
cold days, and the Southeastern Mesophytic Evergreen Forest ranges 
from none to only 27 days at the coldest station. The two sections of 
the Northern Mesophytic Evergreen Forest are very similar with 
respect to this condition. 

Physiological temperature summation (plate 40, fig. 22).—The physio- 
logical summation of temperature (expressed in thousands) exhibits 
wide amplitudes for the vegetations of group A (Desert to Deciduous 
Forest). The most striking feature brought out by a comparison of the 
blocks is the relative similarity of the climatic dimensions for the vege- 
tations of group A as compared with the unlikeness of the blocks for 
those of group B (the Evergreen Forest regions). The minimum value 
for the United States and the smallest amplitude are exhibited by the 
Northwestern Hygrophytic Evergreen Forest. The eastern and 
western sections of the Northern Mesophytic Evergreen Forest are also 
characterized by low summations, but they both reach much higher 
maximum values than does the Northwestern Forest. The Southeast- 
ern Mesophytic Evergreen Forest reaches the highest values of any 
of the vegetations and also exhibits the greatest amplitude of this 
condition. 
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Normal daily mean temperature of coldest 14 days of the year (plate 43, 
fig. 23).—The daily mean temperature of the coldest period of the 
year is a climatic factor which varies greatly in the various vegeta- 
tional areas. The lowest value, 0°, is found in the northernmost part 
of the Grassland area, and minimum values of 5° are found in the Grass- 
land Deciduous-Forest Transition and in the eastern section of the 
Northern Mesophytic Evergreen Forest. The highest mean tempera- 
ture of this coldest period, 69°, is found in the Southeastern Mesophytic 
Evergreen Forest, and the nearest maximum values approaching it in 
other vegetations are found in the Desert and Semidesert, where 
maxima of 54° occur. 

There is apparently no temperature factor which exhibits greater 
diversity in its amplitude and extremes in the several vegetational 
areas than does the mean temperature of the coldest fortnight. The 
normal daily mean of the hottest six weeks, for which we have used the 
data elaborated by Merriam, fails to show such a diversity for the 
vegetational areas (see tables 32 to 40). 

Normal daily mean precipitation of frostless season (plate 46, fig. 23).— 
This climatic index exhibits a well-graduated series of differences in the 
9 vegetational areas, from its lowest values for the Desert (0.009 inch) 
and the Semidesert (0.017 inch) to its highest value for the North- 
western Hygrophytic Evergreen Forest (0.199 inch). Here again the 
Evergreen Forest areas of group B exhibit greater differences than 
do the areas of group A. Pronounced similarities exist between the 
Desert and Semidesert, and between the Grassland Deciduous-Forest 
Transition and the Deciduous Forest. Similarities which are less 
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marked but more surprising exist between the Semidesert and the 
western section of the Northern Mesophytic Evergreen Forest, and 
between the Grassland and the eastern section of the Northern Meso- 
phytic Evergreen Forest. These incongruities probably find their 
explanation in the differences in the seasonal distribution of rainfall 
and in the compensating influences of other conditions. The western 
section of the Northern Mesophytic Evergreen Forest (which is much 
drier than the eastern section) does not include markedly higher 
values than does the Desert, a fact which must be considered in con- 
nection with the temperature and evaporation differences between 
these two vegetations. 

Mean total annual precipitation (plate 52, fig. 24).—The graph repre- 
senting these data is given a conventionalized appearance from the 
fact that we have used the map prepared by Gannett and have not 
drawn the extremes from the readings of individual stations, as in the 
case of most of the other climatic conditions. This graph bears a 
generic resemblance to the one showing the normal daily mean pre- 
cipitation for the frostless season. Owing to the smoothed nature of 
the data on which it is based, it shows an even more pronounced gra- 
dation between the several vegetational areas. No new features are 
brought out in this figure, as compared with the one just discussed, 
and indeed some of the indications of the latter are partially con- 
tradicted by this one. Owing to the fact that the data from plate 52 
are not the readings of individual stations, it is impossible to tell in 
how far the differences between this figure and the preceding are due 
to this circumstance and in how far they are due to the fact that the 
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former is based on the precipitation data of the frostless season and the 
latter on those of the entire year. 

Evaporation (plate 53, fig. 24).—The daily mean evaporation for 
the frostless season reaches its highest values in the Desert region, 
although some of the stations situated in this vegetation have readings 
so low as to give the Desert an amplitude of evaporation conditions 
which is half that for the entire country. The Semidesert and Grass- 
land have limits and amplitudes which are closely similar. The 
Grassland Deciduous-Forest Transition exhibits a minimum which is 
the same as that of the Grassland, but it has a much smaller amplitude 
of evaporation conditions, nowhere reaching values as high as the 
lowest ones for the Desert. The Deciduous Forest has a much greater 
amplitude than the transition region between it and the Grassland, and 
its highest values are as great as the minimum values for the Desert, 
corresponding to the southward prolongation of the Deciduous Forest 
into Texas. The lowest evaporation values are found in the North- 
western Hygrophytic Evergreen Forest, and relatively low minimum 
values are found in the Southwestern Mesophytic Evergreen Forest 
and in the eastern section of the Northern Mesophytic Evergreen 
Forest. The maximum values of the three areas just mentioned are 
remarkably similar. The limits and amplitude of evaporation condi- 
tions for the western section of the Northern Mesophytic Forest are 
higher than for any of the other evergreen forest areas, and closely 
similar to the Semidesert and Grassland values. 

Moisture ratio (plate 59, fig. 25.)—The data here considered are those 
derived from the precipitation index for the frostless season and the 30 
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days preceding its commencement, and from the evaporation data for 
the frostless season. The differentiation of the values of this ratio for 
the vegetational areas is restricted by reason of the extremely high 
ratios for the Northwestern Hygrophytic Evergreen Forest. The col- 
lective amplitudes of the other vegetations cover less than half the 
total range for the United States." The narrow amplitudes of this 
climatic feature for all the vegetations except the Hygrophytic Forest 
are an indication of the importance of the moisture ratioasan expression 
of the conditions which are critical in determining the distribution of 
the vegetation of the United States as we have charted it. 

The five vegetations in group A exhibit progressively higher limits 
for their values of the moisture ratio. The evergreen forest areas of 
group B are very dissimilar. The western and eastern sections of the 
Northern Mesophytic Evergreen Forest stand well apart, the former 
overlapping with the Northwestern Hygrophytic Evergreen Forest, 
just as these vegetations merge into one another in their actual occur- 
rence. The Southeastern Mesophytic Evergreen Forest possesses a 
greater amplitude than the eastern section of the Northern Mesophytic 
Evergreen Forest, but embraces almost the whole scale of values found 
in the latter vegetation. The amplitude of the western section of the 
Northern Evergreen Mesophytic Forest is covered by that of the 
Semidesert, again emphasizing the relative aridity of this forest 
region. The amplitude of the eastern section of the Northern Meso- 
phytic Evergreen Forest is also covered by that of the Deciduous 
Forest, which is accordant with the overlapping and intermixture of 
these two forests. 

Normal mean relative humidity (plate 65, fig. 25).—The relative 
humidity values for the Desert are so low that they have the effect. of 
restricting the differentiation of the values for the remainder of the 
country, Just as the Hygrophytic Forest does with respect to the 
moisture ratios. The lowest humidity is to be expected in the Desert, 
but the highest readings would be looked for in the Northwestern 
Hygrophytic Evergreen Forest rather than in the western section of the 
Northern Mesophytic Forest, as is the actual case for our data. This 
is doubtless due to the unfortunate circumstance that there are no 
humidity records available for localities in the most humid portions of 
the coast or mountains of Washington and Oregon. The maximum 
value is recorded for Eureka, California, which is situated in the red- 
wood type of mesophytic forest. The Semidesert greatly exceeds the 
Desert in the range of its humidities, as would be expected in the con- 
trasting of arid coastal regions with an arid interior region. The blocks 
showing the range and amplitude of humidity for the Grassland, Grass- 
land Deciduous-Forest, and Deciduous Forest overlap in a manner 
which is quite analogous to the occurrence of these vegetations. The 
transition region possesses an amplitude of humidities which is nearly 


CORRELATION OF DISTRIBUTIONAL FEATURES. 497 


the same as the overlapping of the Grassland and Deciduous Forest. 
The total amplitude of humidity conditions in the western section of 
the Northern Mesophytic Evergreen Forest is half that of the entire 
United States. The other three evergreen-forest areas have ampli- 
tudes and limits which are extremely similar, and fall within the 
range for the western section of the northern forest. The range of 
humidity conditions which appears to favor the evergreen type of 
forest also falls within the range for the Deciduous Forest. This 
indicates that the forest regions of the United States as a whole are to 
be found under very similar humidity conditions (about 70 to 80 per 
cent) for the frostless season, and that the diversified types of forest 
comprised in the western section of the Northern Mesophytic Ever- 
green Forest extend into regions of both lower and higher humidity, 
overlapping slightly with the highest values of the Desert Region. 

Normal daily duration of sunshine (plate 69, fig. 26).—The sunshine 
conditions of the frostless season are imperfectly known for the Desert 
region, where they might be expected to possess their highest values. 
Much lower minimum values are found in the Desert than in the 
Semidesert, and in the latter region are the highest known values. 
The sunshine conditions are very similar throughout the Grassland, 
Grassland-Deciduous Forest, and Deciduous Forest regions, reaching 
the lowest value for the United States in the first-named of these 
regions. The sunshine conditions are very dissimilar in the four ever- , 
green forest areas, reaching a wide amplitude in the Southeastern 
Mesophytic and western section of the Northern Mesophytic Ever- 
green Forests. 
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Normal moisture-temperature index for the growing-season (plate 72, fig. 
26).—This composite climatic feature is remarkable in the fact that 
it possesses a steep gradient of change on passing from the central to 
the southeastern part of the United States, and possesses relative 
uniformity over the western third of the country. The highest values 
are consequently to be found in the Southeastern Mesophytic Ever- 
green Forest and the second highest in the Deciduous Forest, both of 
which areas show wide amplitudes of this condition. The lowest value 
is found in the Desert, which is closely approached by the Grassland 
and the western section of the Northern Mesophytic Evergreen Forest. 
The last-named vegetation, by reason of its western position, possesses 
a very narrow amplitude of the conditions expressed by this index. 
The distribution of the various values of the moisture-temperature 
index is such as to give closely similar limits and amplitudes to such 
dissimilar vegetations as Desert, Grassland, Northwestern Hygro- 
phytic Evergreen Forest, and the eastern section of the Northern 
Mesophytic Evergreen Forest, with the Deciduous Forest overlapping 
into this range of conditions. 


II]. CONDITIONS THAT PROBABLY DETERMINE THE GENERAL 
VEGETATIONAL AREAS. 


1. OBSERVATIONS FROM THE CHARTS. 


The foregoing review of the comparative ranges and intensities of 12 
of the leading climatic conditions for the 9 vegetational areas of the 
United States has served to throw some light on the question as to 
which of these conditions are most important in controlling the limits 
of the vegetations. The wide amplitude of all of the temperature 
conditions has indicated that in the case of many of the vegetations, 
and particularly those with a wide north-and-south extent, there may 
be found parallel series of temperature conditions in two cr more 
vegetations. The moisture-temperature index also fails to exhibit 
differences between the several vegetational areas such as to give it 
importance as representing a controlling factor. The precipitation 
and evaporation data fall much more nearly into groups of intensities 
and amplitudes which show dissimilarity throughout the series of 
vegetational areas. The moisture ratio and the relative humidity also 
show striking differences between the various vegetations. 

Figures 27 to 35 give, in diagrammatic form, the limits and ampli- 
tudes of 17 selected climatic factors for each of the 9 generalized vege- 
tational areas. These diagrams make it possible to view the correla- 
tion of climate and vegetation from a different angle to that employed 
in the immediately preceding pages. Here it is possible to see a 
diagrammatic picture of the climate of each of the vegetations, to note 
whether each of the conditions ranges through a series of values which 
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are high or low as contrasted with conditions in other parts of the 
United States, and to observe whether the amplitude of each condition 

‘18 wide or narrow. The last has already been mentioned as a valuable 
means of discovering the climatic conditions which are most critica] 
in controlling the distribution of a given vegetation or plant. 

It will be fruitful to discuss these diagrams in connection with a 
comparison between the vegetational boundaries and the isoclimatic 
lines of the corresponding plates. In this manner it will be possible 
to test out the indications given by narrow amplitudes of the condi- 
tions (short blocks in the diagrams), and not only to discover which 
of the various conditions appear to be the most potent in controlling 
distribution, but also to find the particular intensity of the condition 
which seems to be critical in each case. 

Desert (fig. 27).—Wide amplitudes are exhibited by the Desert with 
respect to all of the temperature conditions, the number of days in the 
longest normal dry period of the frostless season, and also the daily 
mean evaporation for the frostless season. Narrow amplitudes are — 
exhibited by the number of days in the longest normal rainy period 
of the frostless season and by the moisture ratios and sunshine dura- 
tion (plate 69). 

An examination of the 6 plates showing the isoclimatic lines for the 
temperature conditions used on this diagram (plates 34, 35, 36, 40, 
43, 45) will discover that numerous lines cross the Desert region in a 
northwest-southeast direction, indicating, as we have already been 
prepared to find, from the wide amplitudes in figures 21 and 22, that 
the Desert possesses a wide range of temperature conditions, which 
may also be found to the eastward in three or four other vegetations. 
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Fiq. 27. Climatic extremes for the Desert. 
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We may not, therefore, look for any of the factors controlling the dis- 
tribution of the Desert region in these features of the temperature. 

The amplitude of the number of days in the longest normal dry: 
period of the frostless season is also great for the Desert (from 127 to 
283). This is a case, however, in which even the minimum value for 
the Desert indicates dry conditions, and the maximum value signifies 
conditions of extreme aridity. The lower values of this condition may 
be of importance elsewhere in differentiating vegetation, and the 
various values within the Desert area may be of importance in connec- 
tion with the minor vegetational differences of that diversified region. 
The position of the isoclimatic lines of plate 51 does not indicate that 
any particular intensity of this condition is critical in limiting the 
Desert region, which is in accord with the evidence of figure 27. The 
case of the daily mean evaporation is a very similar one. 

The number of days in the longest normal rainy period in the frost- 
less season ranges, in the Desert region, from its minimum value of no 
days at several stations to a maximum of 10 days. The isoclimatic 
line of 25 days embraces the entire Desert region and portions of the 
Semidesert, the Grassland, and the western section of the Northern 
Mesophytic Evergreen Forest. This factor appears to be an impor- 
tant one and it is possible that numerous and adequately distributed 
stations would show that the isoclimatic line of 10 days lies near the 
boundary of the Desert area. 

The three derivations of the moisture ratio (plates 58, 59, 60) are 
very similar here, as they are in all of the vegetations and other botani- 
cal areas. The narrow amplitude of this condition for the Desert area 
suggests an importance which is borne out by an examination of the 
isoclimatic lines. The line representing values of 0.20 for the moisture 
ratio is roughly similar to the outline of the Desert, and suggests that 
the isoclimatic line of the ratio 0.25 might be a still closer approxima- 
tion to the limits of the Desert. The area with values below 0.25 
would then include more of western Texas, would separate the Mogollon 
Plateau of Arizona from the Rocky Mountains, and would extend 
somewhat further north, thereby coming into still closet agreement 
with the outlines of the map of generalized vegetation. The bend of 
the isoclimatic line for 0.20 which extends through the Tehachapi Pass 
into the San Joaquin Valley of California is in accord with the pro- 
nouncedly desert character of this valley, which has been included in 
the composite Semidesert Area. 

All the evidence which we have been able to bring out in this case 
points to the moisture ratio as being the climatic condition of most 
importance in determining the boundaries of the Desert region. 

Semidesert (fig. 28).—The Semidesert embraces two areas—one in 
California and one in Texas. These areas are not only diversified 
within themselves, but are somewhat dissimilar in their vegetation and 
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still more unlike in the general character of their climates, particularly 
with respect to the seasonal distribution of precipitation and other 
moisture conditions. In a more detailed study of climatic correlations 
these two areas would repay separate investigation. 

The evidence of the amplitudes and also of the position of the iso- 
climatic lines indicates that temperature conditions are of more impor- 
tance in limiting the Semidesert than is the case with the Desert. 
The normal daily mean of the coldest 14 days of the year appears 
particularly to be of importance, ranging only from values slightly 
below 45° to 54° for different sections of the region. The amplitudes 
of the moisture ratios are greater than in the case of the Desert, and 
the position of the isoclimatic lines corroborates this indication that 
the conditions expressed by the ratios are not so important in the 
limitation of the Semidesert. In passing from the coastal to the 
interior portion of the Texas section of the Semidesert there is a 
rapid fall in the values of the moisture ratio (plate 59) from 0.81 
(Brownsville) to 0.35 (Fort Ringgold). A similar diversity in the 
California section of the area is indicated by the value 0.10 for Fresno, 
as compared with the value 0.45 for Los Angeles. The value for 
Fresno is well above the minimum value for the Desert and the maxi- 
mum values in each section of the area are well above the maximum 
(0.27) for the Desert. 

Grassland (fig. 29).—The longest axis of the Grassland region runs 
in a north-and-south direction nearly across the United States, with 
the result that all of the leading temperature conditions exhibit wide 
amplitudes within its boundaries. The number of cold days in the 
frostless season runs through the entire gamut for the United States, 
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Fig. 28. Climatic extremes for Semidesert. 
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and the other five conditions shown in figure 29 run through about 
half the gamut for the country. Although the mean total precipita- 
tion is both low in amount and narrow in its amplitude for this region, 
the normal daily mean precipitation ranges through a greater ampli- 
tude of values and reaches maximum values which are slightly more 
than half as great as the maximum values for the Northwestern Hygro- 
phitic Evergreen Forest. This difference points to the importance 
of the seasonal distribution of rainfall in the Grassland region and to 
the heavier precipitation of the frostless season. The evaporation 
index for the frostless season ranges from a daily mean of 0.117 inch, at 
Moorhead, Minnesota, to 0.275 inch, at Cheyenne, Wyoming, which is 
nearly half the amplitude for the United States. Numerous isoclimatic 
lines cross the central portion of the Grassland, as this would indicate. 

A comparison of the position of the Grassland (plate 2) with the 
location of the isoclimatic lines showing the values of the moisture 
ratio 7/E for the frostless season (plate 59) indicates a correspondence 
as close as that exhibited for the Desert. The isoclimatic line for the 
value 0.40 lies slightly to the east of the western edge of the Grassland 
in Montana, South Dakota, and Nebraska, although very close to it 
in Texas. The line for the value 0.30 would lie much nearer this 
boundary along the northwestern edge of the area. The eastern edge 
follows closely the line for the value 0.60 in Texas and Oklahoma, but 
crosses rapidly in Kansas and Nebraska to the lines for higher values, 
and reaches its maximum of 0.117 in western Minnesota. <A corre 
spondence almost as close is shown between the Grassland and the 
area comprising normal mean relative humidities between values of 
50 per cent and 65 per cent for the frostless season (plate 65). Along 
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Fia. 29. Climatic extremes for Grassland. 
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both edges of a region with such great north-and-south extent as the 
Grassland there is abundant opportunity for the interaction of condi- 
tions of critical importance, or for the influencing of the effects of a 
critical condition by one that is nowhere of primary critical importance 
itself. This is well exemplified in the changing values of the moisture 
ratio which are found to coincide with the western edge of the region. 
If this composite condition is as critical as its general distributional 
relations seem to indicate, we have here a case in which the vegetation 
of the Grassland is able to endure lower and more exacting values of 
this condition at the north than it is at the south, owing to the differ- 
ence between the temperature conditions at north and south. On the 
eastern edge of the Grassland there is a similar change in the apparent 
- controlling condition, but in this case we have the Grassland extending 
into the region possessing the same values for the moisture ratio that 
are found in the forested regions. It is possible that this is due to the 
inter-operation of temperature conditions and those expressed by the 
moisture ratio. Such a possibility is indicated by the fact that the 
values of the moisture-temperature index which are found in the 
Grassland also extend eastward in the Northern States. 

Grassland Deciduous-Forest Transition (fig. 30).—A comparison of 
the temperature blocks in figures 29 and 30 will show that the Transi- 
tion region is very similar to the Grassland in the limits and ampli- 
tudes of its temperature conditions. The principal divergence lies in 
the fact that the frostless season is slightly narrower in its amplitude 
in the former area, and does not reach such low values. A comparison 
of the precipitation conditions shows a difference in each case in the 
direction of more moist conditions for the Transition region, although 
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the amplitude of its normal daily mean is less, and also that of its num- 
ber of days in the longest normal dry period. The lowest values for 
the daily mean evaporation are very similar in the Grassland and the 
Transition, but the much narrower amplitude in the Transition region 
gives it much lower maximum values (0.166 inch as compared with 
0.275 inch). 

The moisture ratios show a narrower amplitude in the Transition 
region than they do in either the Grassland or the Deciduous Forest, 
falling, in general, between the values for these regions, as has been 
shown in the earlier discussion. The narrow amplitude of the moisture 
ratios and of relative humidity would point to these conditions as 
having a strong controlling importance for the Transition region. Its 
western edge coincides with the eastern edge of the Grassland and the 
conditions with regard to the moisture ratio along that line have just 
been mentioned. Along the eastern edge of the Transition region there 
is not a close correspondence with any of the isoclimatic lines of the 
moisture ratio, although there is a good agreement with the line for 
0.110 in the north and an approximation to the interpolated line for 
0.90 in the south. The Transition region lies almost precisely over the 
area that is comprised between the lines for 65 per cent and 70 per cent 
normal mean relative humidity for the frostless season, pointing to a 
strong controlling importance in this condition. 

Deciduous Forest (fig. 31).—The leading temperature conditions of 
the Deciduous Forest are of an intermediate character as compared 
with those of the entire country, reaching an extreme value only in the 
case of the minimum number of cold days. The amplitude of these 
conditions is, in general, similar to that found in the Grassland and 
the Grassland Deciduous-Forest Transition, although the-north-south 
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Fig. 31. Climatic extremes for Deciduous Forest. 
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extent of the Deciduous Forest is somewhat less than that of the two 
vegetations just mentioned. The most significant changes of ampli- 
tude that may be observed in comparing these three vegetations are 
found in the normal daily mean for the 14 coldest days and in the 
normal daily mean for the year. Both of these conditions are much 
narrower in their amplitude for the Deciduous Forest than they are 
for the Grassland and the Transition region, indicating that these con- 
ditions are of increasing importance as we pass from pure grass to pure 
forest. 

It has already been shown that a comparison of Grassland, Transi- 
tion, and Deciduous Forest exhibits respective increase in the values 
for all of the moisture conditions, except, of course, that a reciprocal 
relation exists with regard to the number of dry days. While this fact 
might well be anticipated, it is somewhat surprising to find that the 
amplitude of several of the moisture conditions is greater for the 
Deciduous Forest than for either of the other two vegetations men- 
tioned. The amplitude of the normal daily mean precipitation for the 
frostless season is slightly greater for the Grassland than for either of 
the other areas, and the number of days in the longest normal dry 
period for the frostless season is greater for the Grassland than it is 
for the Deciduous Forest, although it is less for the Transition area 
than for either of these. The mean total precipitation for the year and 
the number of days in the longest normal rainy period of the frostless 
season are both conditions that show the widest amplitude in the 
Deciduous Forest region. ; 

The evaporation conditions, which show such wide amplitude in 
the Grassland and such narrow amplitude in the Transition region, 
again show a relatively wide amplitude in the Deciduous Forest. This 
fact determines the great amplitude of the moisture ratios in the 
Deciduous Forest as compared with the Transition region. While 
the moisture ratio appears to be of great importance in controlling the 
limits of the Desert and Grassland, and also those of the Deciduous 
Forest, the evidence shows it to be of even more critical importance in 
controlling the boundaries of the Grassland Deciduous-Forest 'Transi- 
ie continue our comparison of the three vegetations which have 
already been contrasted, we find that the value for relative humidity 
becomes progressively greater from Grassland to Deciduous Forest, 
and that its amplitude is very narrow for the Transition region, while 
it is relatively broad for the Grassland and Forest, ranging through 
a third to a fourth of the total amplitude for the United States. The 
evaporation conditions bear a reciprocal relation to relative humidity, 
but show the same narrow amplitude for the Transition region and 
wider amplitudes for the adjacent vegetations. It appears from this 
circumstance that relative humidity is the strongest determinant of 
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the rate of evaporation for these areas. The influence which it exerts 
in this respect is therefore embraced in the moisture ratios, and addi- 
tional evidence is supplied to the view that the moisture ratios are of 
particular importance in controlling the bounds of the Transition 
region. 

‘While the moisture-temperature index shows little difference when 
the Grassland and Transition areas are contrasted, it exhibits a very 
wide amplitude for the Deciduous Forest, indicating that the interplay 
of moisture and temperature differences causes a wide diversity of 
conditions in the Deciduous Forest region. 

Northwestern Hygrophytic Evergreen Forest (fig. 32).—There are 
many respects in which this region possesses the most marked set of 
climatic conditions of any of the vegetational areas of the United 
States. Although the Hygrophytic Forest merges into the western 
section of the Northern Mesophytic Forest, both southward along the 
California coast and in isolated areas on the western slopes of the 
Rocky Mountains, nevertheless the climatic characteristics of the most 
pronouncedly hygrophytic region, as indicated on plate 2, cause it to 
stand out in sharp contrast with the Mesophytic Forest. 

The length of the frostless season in the Hygrophytic Forest varies 
from 103 days at McKenzie Bridge, Oregon, to 316 days at Cape 
Disappointment, the greatest amplitude to be found in any vegetation 
in the country. There are no hot days and no cold days, in our sense 
of these terms, in any part of the region. The physiological summation 
of temperature for the frostless season is both low in its values and 
small in amplitude, resembling closely the eastern section of the 
Northern Mesophytic Evergreen Forest. The normal daily mean 
temperature of the coldest 14 days of the year ranges from about 35° 
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to about 45°. Inasmuch as the coldest portion of the year is coincident 
with the moist portion, this circumstance is of great importance, as 
indicating that the highest temperatures of the coldest days of the 
year are still well above frost, while the winter days outside the coldest 
period present conditions which are favorable for photosynthesis and 
growth. The normal daily mean temperature of the year ranges from 
below 50° for the coldest stations to above 55° for the warmest. 

The whole series of moisture conditions, including evaporation and 
the moisture ratios, is remarkable in this region for the extremely wide 
amplitudes exhibited. The highest values for all of these conditions 
- are secured from Cape Disappointment, and the lowest values from 
Roseburg, Oregon, a town located in the valley of the Umpqua River, 
in the driest conditions that are to be found in the region. The normal 
daily mean precipitation exhibits an amplitude which is about five- 
sixths of that for the entire United States. The values and amplitude 
of the number of days in the longest normal rainy period of the frostless 
season are here very similar to these conditions for the Grassland, 
while the greatest number of days in the longest normal dry period of 
the frostless season (198) is greatly in excess of the smallest number of 
days in this period (127) for the Desert region. The mean total pre- 
cipitation for the year is not only higher for this vegetation than for 
any other, but it also shows a greater amplitude than elsewhere. The 
daily mean evaporation for the frostless season ranges from the lowest 
value in the United States, 0.052 inch at Cape Flattery, Washington, 
to a value of 0.143 inch at Roseburg. The values and amplitudes of 
evaporation conditions in the Hygrophytic Forest are closely similar 
to those in the Southeastern Mesophytic Evergreen Forest and in the 
eastern section of the Northern Mesophytic Evergreen Forest. The 
maximum values for the three vegetations are nearly the same, but the 
very low values for the Hygrophytic Forest are not found in the two 
latter regions (see fig. 24). There is a slight overlapping of the evapora- 
tion conditions with those of the western section of the Northern 
Mesophytic Evergreen Forest, into which the Hygrophytic Forest 
merges to the east and south, and with those of the Pacific Semi- 
desert region, the conditions of which are approached in all of the 
broad valleys of coastal Washington and Oregon which lie in the lee of 
the mountains. 

The values for all three forms of the moisture ratio are remarkable, 
in the Hygrophytic Forest, for their great amplitude. It has already 
been seen (fig. 25) that the highest values of the ratios for this region 
far exceed the maximum values recorded for any of the other vegeta- 
tions of the United States. The relatively low values of the South- 
eastern Evergreen Forest and of the eastern section of the Northern 
Evergreen Forest are completely overlapped in the Northwestern 
Forest, and the moisture conditions of such localities as Astoria and 
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Cape Disappointment are far exceeded by the still more moist oa 
tions of Cape Flattery. In short, the difference between the values o 
the moisture ratios in moderately moist localities in the Northwestern 
Forest and in the most moist localities is as great as the differences 
which have already been seen to play such an important réle in deter- 
mining the distribution of the vegetation in the remainder of the 
United States. j , 

It is unfortunate that the inadequacy of the climatological data gives 
this region the appearance of being exceeded in the normal mean 
relative humidity of the frostless season by the western section of the 
Northern Mesophytic Evergreen Forest, an appearance that is prob- 
ably misleading. The sunshine conditions are also imperfectly known 
for this area. 

The moisture-temperature index for the frostless season has already 
been shown to be closely similar in values and in amplitude for this 
most hygrophytic of the vegetations of the United States and for the 
Desert. In forming the product by which this compound condition 
has been secured, the high temperature summation of the desert, 
together with the low moisture indices, and the low temperature sum- 
mations of the Hygrophytic Forest, together with its high moisture 
indices, have given results which are closely identical. 

Southeastern Mesophytic Evergreen Forest (fig. 33).—In viewing the 
entire series of blocks drawn to represent the chief climatic conditions 
of this region, it will be noted that there is, in general, a wide ampli- 
tude of nearly all conditions, including those of temperature and 
precipitation, and excepting only the imperfectly exhibited mean 
annual precipitation and the relative humidity. The amplitude of the 
moisture ratios is no greater than in the case of the Deciduous Forest 
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Fig. 33. Climatic extremes for Southeastern Evergreen Forest. 
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and but little in excess of the corresponding amplitude for the Grass- 
land. The wide amplitude of the temperature and precipitation con- 
ditions, taken in themselves, might be held to indicate that there is not 
a close correlation between the distribution of this vegetation and that 
of any of the important controlling physical conditions. Such a view 
would have in its support the fact that this vegetation is one that is 
well known to be closely correlated in its distribution with the extent 
of the Atlantic Coastal Plain and with the series of soils typical of that 
physiographic province. However, the types of vegetation which seem 
to be strictly controlled by topographic features and by soils in the 
northern part of the Coastal Plain are not so controlled in the southern 
part and in the lower Mississippi Valley, where the Coastal Plain is 
not so sharply defined. In spite of the wide amplitude of many other 
conditions, the moisture ratios are of a significance with respect to this 
region which must not be omitted from consideration. 

In the Southeastern Mesophytic Evergreen Forest all of the leading 
temperature conditions of the country reach their maximum values, 
except the number of cold days, which, reciprocally, reaches its mini- 
mum value. Five of the six temperature conditions represented in 
figure 33 range in this vegetation through more than half of the ampli- 
tude found in the United States as a whole, due to the far northward 
extension of the region along the Atlantic coast. All of these condi- 
tions overlap with those of the Deciduous Forest region, which is quite 
to be expected in view of the overlapping and admixture of the vege- 
tations themselves. A transition region between the Deciduous Forest 
and the Southeastern Evergreen Forest has been outlined in the 
detailed map of vegetation (plate 1), and there is considerable evidence 
(some of which will be discussed) that portions of the Southeastern 
Evergreen area are of such a character climatically as to support a 
deciduous forest. 

The amplitude of the normal daily mean precipitation is nearly 
equal to that of the Deciduous Forest, but the minimum and maxi- 
mum values are somewhat higher. The number of days in the longest 
normal rainy period of the frostless season exceeds even the great 
amplitude exhibited by this condition in the Deciduous Forest, and 
reaches, at Cape Hatteras, the highest value for the United States. 
The number of days in the longest normal dry period exceeds the 
amplitude of this condition for any of the other forest regions, and is 
even greater than that for the Grassland and the Desert, although the 
actual range of this condition is from the lowest value for the country, 
no days at Cape Hatteras, to 182 days at Key West. 

The amplitude of evaporation conditions for the Southeastern Ever- 
green Forest is narrow, and the values are relatively low, being almost 
equal, as already shown, to the evaporation values for the eastern 
section of the Northern Evergreen Forest. The amplitudes of the 
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moisture ratios have also been seen to be closely similar for these two 
forests, and their minimum values are almost identical (see fig. 25). 
There is also little difference between the amplitudes and extremes of 
the humidity conditions for these two forests and for the Northwestern 
Hygrophytic Forest as well. The narrowest amplitudes for the South- 
eastern Evergreen Forest are found in the evaporation, relative 
humidity, and moisture ratios, and these must be regarded, therefore, 
as the most important of the various conditions in controlling the dis- 
tribution of this vegetation, in so far as its control is a matter of 
climate. A comparison of the position of the isoclimatic lines for the 
values 0.100 and 0.110 of the moisture ratio based on the conditions of 
the frostless season and the preceding 30 days (plate 59), with the 
position of the boundary of the Southeastern Mesophytic Evergreen 
Forest, shows a close correspondence. This is least satisfactory in the 
vicinity of Arkansas, where the Southeastern Forest extends into a 
region with lower values for the ratio. This region, however, is the 
one in which there are the largest areas of mixed forest forming a tran- 
sition to the Deciduous Forest region (see plate 1). 

The moisture-temperature index reaches its highest values in this 
vegetation, and has an amplitude almost exactly equal to that for the 
Deciduous Forest. The high values of the physiological summation 
of temperature are responsible for the high values of this index, when 
the relatively low values of the moisture ratios are taken into account. 
The very high values which are rapidly attained by this form of the 
moisture-temperature index on approaching the southeastern corner 
of the United States may be taken to signify that this region presents 
the optimum conditions for plant activity in the entire area studied, as 
far as climate is concerned. 

Northern Mesophytic Evergreen Forest, western section (fig. 34).—The 
Northern Mesophytic Evergreen Forest, when considered as a whole, 
is so widely distributed and so varied in its character and specific com- 
position that it assumes a unity only when contrasted with the other 
evergreen-forest areas of the country. The only natural subdivision 
of this region is that which is made possible in the United States by 
the geographical separation of the eastern and western portions. In 
the study of the correlation of this vegetation with the climatic condi- 
tions it has seemed desirable to determine the climatic extremes 
separately for the eastern and western sections, which are sharpl 
separated by the northern arms of the G ee 

wassland and the Grassland 
Deciduous-Forest Transition. 

The most striking feature of the diagram which shows the leading 
climatic features of the western section of the Northern Mesophytic 
Evergreen Forest (fig. 34) is the relatively narrow amplitude of the 
majority of the conditions which accompany this widely and irregularly 
distributed forest area. There is a particularly strong contrast in this 
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respect with the conditions for the Southeastern Evergreen Forest and 
for the Deciduous Forest, indicating that the western section of the 
Northern Evergreen Forest is confined in its distribution to a region 
in which there is a relatively narrow range of physical conditions, in 
spite of its wide geographical extent. Owing to the mountainous and 
thinly settled character of most of this region, there is an inadequate 
series of climatological stations from which data may be obtained. 
This is particularly true of the southernmost portions in New Mexico, 
Arizona, and California, and of the portions which face the Desert 
region on all sides of the Great Basin. The climatic conditions of the 
western Xerophytic Evergreen Forest (see plate 1) are even more 
poorly known, and this has been a strong consideration in omitting 
that vegetation from the generalized map. Its conditions would 
doubtless be found to be generally intermediate between those of the 
Desert and those of the western section of the Northern Evergreen 
Forest. 

The length of average frostless season ranges from the minimum for 
the United States to 307 days, a remarkably great amplitude, which 
is matched only for the Desert region. The lowest values of this 
condition are recorded for several stations in the Klamath Lake region, 
where frost has been observed on every day in the year. The shortest 
normal frostless season outside these stations is 25 days in length, and 
this has been taken as the minimum for the United States in view of 
the fact that there is actually, in any given year, a growing-season for 
plants even in localities where frost is of average daily occurrence, and 
that the length of this season is at least 25 days even for Klamath 
Lake stations. The maximum length of frostless season for this vege- 
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Fig. 34. Climatic extremes for western section of Northern Mesophytic Evergreen Forest. 


51Z CORRELATION OF DISTRIBUTIONAL FEATURES. 


tation has been recorded at Fort Bragg, California, where the condi- 
tions and vegetation of the ocean front are more nearly those of the 
Hygrophytic Forest than of the western section of the Mesophytic 
Forest. At stations just inland from Fort Bragg the frestless season 
is about 100 days shorter. The number of hot days ranges from 0 to 
105, which is about one-third of the amplitude for the entire country, 
and the number of cold days ranges from 78 to 149+, closely approach- 
ing the maximum values, which occur in the Grassland. The physio- 
logical summation of temperature has a relatively narrow amplitude, 
from values approaching the minimum to 9,921 at Grand Junction, 
Colorado, a station which must be regarded as approximating the 
conditions of the forests in that vicinity. Much higher values of the 
physiological summation might be expected for stations located in the 
more southern extensions of the Mesophytic Evergreen Forest, but 
our data fail to bear out such an expectation. Santa Fe, New Mexico, 
is located close to bodies of Mesophytic Evergreen Forest, and is so 
situated as to enjoy higher temperatures than the forest, yet the sum- 
mation for Santa Fe is only 5,350, a figure considerably below the 
-maximum at Grand Junction. Flagstaff, Arizona, which is situated 
in the midst of forest, has the very low summation of 2,652. The cold 
nights of the mountain altitudes at which the Mesophytic Forest of 
New Mexico and Arizona occurs are responsible for low daily mean 
temperatures, and consequently for low values of the summations for 
the frostless season. 

The normal daily mean for the coldest 14 consecutive days of the 
year is a condition ranging through a moderate amplitude and reaching 
extreme values which are neither very high nor very low, overlapping 
with the conditions in the Hygrophytic Forest. The normal daily 
mean temperature for the year is of wide amplitude, but also fails to 
attain the extremes for the country. 

When the climatic extremes for the precipitation conditions are 
compared, as a whole, with those for the temperature conditions, the 
former are seen to be of narrower amplitude, which points to the 
limitation of the western section of the Mesophytic Evergreen Forest 
as being due more largely to moisture conditions than to those of 
temperature. This is confirmed by the narrow amplitude of the 
moisture ratios, at least of those which relate to the frostless season 
only. Although the actual extremes of the moisture ratio aw/E for the 
frostless season are 0.12 and 0.60, it will be seen by an examination of 
plate 59 that the major portion of the western Mesophytic Forest is 
comprised between the lines for values of 0.20 and 0.40. The lowest 
evaporation values and the highest relative humidities for this region 
are recorded for the extreme coastal stations of northern California, 
and they are not typical of the great bulk of the forest, although they 
permit its occurrence in a form approaching the character of the North- 
western Hygrophytic Forest. 
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No vegetational region exhibits a narrower amplitude of the mois- 
ture-temperature index than does the western section of the Mesophytie 
Forest. This derived and complex expression of climatic conditions 
has been shown to differentiate the evergreen-forest regions of the 
United States, in spite of its failure to bring out consistent differences 
between the other regions. Its extremely narrow amplitude for the 
western section of the Mesophytic Evergreen Forest points to its impor- 
tance as an expression of the conditions controlling this vegetation. 

Northern Mesophytic Evergreen Forest, eastern section (fig. 35).—A 
comparison of the climatic extremes of the eastern and western sec- 
tions of this forest shows a general similarity of temperature condi- 
tions, and a dissimilarity of moisture conditions and the expressions 
derived from them. The length of frostless season is much narrower 
in its amplitude in the eastern section, ranging from a length of 85 
days at Thomaston, Michigan, to 167 days at Fitchburg, Massa- 
chusetts, values which lie well within those of the western section. 
The normal daily mean temperature for the coldest 14 days of the 
year ranges through lower values in the eastern section, as does also 
the normal daily mean temperature for the year. 

The only precipitation condition in regard to which the eastern and 
western sections of the Northern Mesophytic Evergreen Forest are 
at all alike is the normal annual total. The normal daily mean for the 
frostless season ranges in the eastern section through values which are 
well above those of the western section, the maximum of the latter 
being 0.070 inch and the minimum of the former being 0.091 inch. In 
accordance with this fact the number of days in the longest normal 
rainy period of the frostless season is greater in the eastern section than 
in the western, and the number of days in the longest normal dry 
period is pronouncedly less in the eastern section. 
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The amplitude of evaporation conditions is much narrower in the 
eastern section than in the western, agreeing closely, as already stated, 
with the amplitude and values for the Southeastern Mesophytic Ever- 
green Forest. The humidity conditions also exhibit a much narrower 
amplitude, although they nowhere reach in the East the maximum 
values that are to be found at the Pacific coast stations of the western 
section. The moisture ratios all exhibit higher values for the eastern 
section, and the ratio +/E for the frostless season fails to overlap with 
the range of this condition in the western section (see fig. 25). Here 
again there is a close correspondence between the Evergreen Meso- 
phytic Forests of the Northeastern and the Southeastern States. The 
sunshine values are low and of narrow amplitude for the Northeastern 
Evergreen Forest, the maximum value for this region being lower than 
the maximum in any of the other vegetational areas. 

The moisture-temperature index for the eastern section ranges from 
a minimum value which is slightly above the maximum for the western 
section to a maximum which nearly coincides with that for the North- 
western Hygrophytic Evergreen Forest. The close correspondence 
between the range of this condition in the last-named region and in 
the eastern section of the mesophytic forest doubtless affords a means 
of explaining the features of resemblance between these two vegeta- 
tions, which are so widely separated in the United States but have a 
narrow strip of connecting forest in Canada. 

The Climatic Conditions for Evergreen and Deciduous Forests.—In 
connection with the inquiry into the climatic conditions characterizing 
the vegetational areas, a comparison has been made of the climatic 
extremes for the Deciduous Forest and for the four evergreen forest 
areas considered collectively. In figure 36 are shown graphs for the 
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Fig. 36. Contrasted climatic extremes for Evergreen (black) and Deciduous (shaded) Forests. 
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principal features of the climate for these two regions, brought together 
for ready comparison. The widespread occurrence of evergreen forest, 
extending into the northwestern, northeastern, and southeastern 
corners of the United States, gives a very wide amplitude of conditions 
for this type of forest. In 5 cases the amplitudes of conditions are as 
great for the collective evergreen regions as for the entire United 
States, and in 6 cases they are nearly as great. These wide amplitudes 
are found among temperature and moisture conditions alike. The 
narrowest amplitude is that of relative humidity, which ranges through 
the upper half of its scale for the entire country. The importance 
which humidity is here indicated to have for evergreen forest is borne 
out by the detailed humidity extremes for each of the evergreen areas 
(see fig. 25). 

The amplitude of the conditions found in the Deciduous Forest 
region is narrower in every case than that of the collective evergreen 
regions, and for none of the conditions does it approach the entire 
amplitude for the country. It is also to be noted that the extremes for 
the Deciduous Forest are, in nearly every case, well within the extremes 
for the evergreen regions. In the number of cold days in the frostless 
season the two have the same minimum, and in the number of days in 
the longest normal dry period of the frostless season the two have 
nearly the same minimum. The only case in which the two maxima 
approach each other is that of humidity. 

If we disregard the diversities in the evergreen forests which have 
led us to their separate treatment, it is possible to say that this type of 
forest in general is capable of withstanding a much wider range of 
climatic conditions than is the deciduous type. 


2. DISCUSSION OF THE OBSERVATIONS. 


We have now reviewed the observed correlations between the 
general vegetation areas and some of the leading climatic conditions, 
both from the point of view of the vegetation and from that of the 
conditions. In the comparison of the amplitudes and extremes of 
each single condition, as shown for each of the vegetational areas, it 
has been possible to see to what extent that condition is unlike in the 
several vegetations. It is obvious that a condition which ranges 
through nearly the same values in two vegetations can not be looked 
upon as one that is important in determining the optimum conditions 
for each of these vegetations, nor as one that plays an important réle 
in controlling the limit between the two. It is evident, for example, 
that the physiological summation of temperatures can not be held to 
play a primary part in establishing the optimum conditions for Grass- 
land, Grassland Deciduous-Forest Transition, and Deciduous Forest 
(see fig. 22). If, on the other hand, a given condition exhibits a sliding 
scale of values for several adjacent vegetations, it is evident that such 
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a correlation points to this condition as playing an important part in 
the existence and distributional limits of these vegetations. This 
should be true even if there is some overlapping of the values of the 
condition between the adjacent vegetations, for there is always such 
overlapping of the vegetations themselves. A comparison of the 
humidity conditions for Grassland, Grassland Deciduous-Forest 
Transition, and Deciduous Forest, or a comparison of the moisture 
ratios for these vegetations and for Desert and Semidesert, shows a 
progressive change of position of the climatic extremes with respect 
to the extremes for the entire country (see fig. 25). 

A comparison of the amplitudes and extremes of all conditions for a 
single vegetational area makes it possible to discover which conditions 
tend to exhibit great differences in the various parts of the area and 
which ones tend to show a relative uniformity throughout the area. 
We have already seen that this method of evaluating the conditions 
makes it possible to use their relative amplitude as a measure of their 
comparative importance in establishing the limiting conditions for 
the vegetation in question. 

A cartographic representation of the distribution of vegetation and 
of the distribution of the various intensities of the climatic conditions 
makes it possible to compare distributional limits and isoclimatic lines, 
and to search for correspondence between the two. But such a search 
is best carried out by the aid of suggestions from the graphs showing 
the climatic extremes. 

The use of the three methods of correlation has shown them to be 
consistent in their indications. If a condition shows a sliding scale of 
values for a given series of vegetations, it is also found to show ampli- 
tudes, in each of the vegetations, which are narrow as compared with 
those of other conditions, and the isoclimatic lines showing the dis- 
tribution of the intensities of this condition are found to approximate 
the distributional lines between the series of vegetations. The first 
two methods serve for the discovery of the relative importance of 
various conditions in determining distribution, and the third method 
serves to show the critical intensities of the condition which appear to 
be important. 

In a general review of our examination into the correlations between 
climatic conditions and the general vegetational areas we find the 
most. salient fact to be the great controlling importance of moisture 
conditions, embracing precipitation, evaporation, relative humidity, 
and the moisture ratio, as compared with the small controlling impor- 
tance of temperature conditions, embracing length of frostless season, 
number of hot and of cold days, and the temperature summations. 
The moisture-temperature index partakes strongly of the character of 
a temperature condition when it is brought into this comparison. 

In the vegetations of group A (including our series from Desert to 
Deciduous Forest; see figs. 21 to 26) the temperature conditions show 


CORRELATION OF DISTRIBUTIONAL FEATURES. 517 


particularly wide amplitudes and a pronounced tendency to range 
through about the same values, except in the case of the length of 
frostless season and the normal daily mean of the coldest 14 days of the 
year, in both of which conditions the Semidesert departs from the 
conditions of the other vegetations of the group. A comparison of the 
extremes of the temperature conditions for the vegetations of group 
B (the evergreen forests) shows a much greater dissimilarity, indicating 
that temperature conditions play a more important réle in differen- 
tiating our evergreen-forest areas than they do in differentiating the 
other vegetations of the country. This applies to the moisture-tem- 
perature index, as well as to the purely temperature conditions. 

It is in the vegetations of group A that the moisture conditions show 
their greatest differentiation and appear to exert their strongest con- 
trol. This is shown with diagrammatical clearness by the smoothed 
data for the mean total precipitation of the year (fig. 24), and it is also 
shown by the moisture ratio and by relative humidity (fig. 25). There 
is a much less marked differentiation of moisture conditions among 
the evergreen-forest areas, as will be seen in the close agreement of the 
extremes of daily mean evaporation for the Southeastern Mesophytic 
Evergreen Forest and for the eastern section of the Northern Meso- 
phytic Evergreen Forest (fig. 24), and also in the similarity of humidity 
conditions for the above forests and for the Northwestern Hygrophytic 
Evergreen Forest (fig. 25). 

The preceding pages have brought out the fact that the moisture 
ratio m/E is the most important single expression of climatic 
conditions with respect to the vegetation as a whole. The nar- 
row amplitude of this condition in all of the vegetations except the 
Northwestern Hygrophytic Evergreen Forest, and the distinctness of 
its extremes for all of the vegetations give an indication of its impor- 
tance which is well borne out by a comparison of the climatic and 
vegetational lines of plate 2 and plate 59. The isoclimatic line for the 
ratio value 0.110 closely follows the limit of the Southeastern Meso- 
phytic Evergreen Forest from Alabama to New Jersey, and then 
swings westward in such a manner as to approximate closely the 
southern limit of the eastern section of the Northern Mesophytic 
Evergreen Forest, failing to dip with the vegetation along the Alle- 
ghenies (where there are no data for this climatic map), but closely 
following the vegetational line to Minnesota. The similarity of the 
conditions expressed by the moisture ratio for the evergreen forests of 
the Southeastern and Northeastern States is indicated in figure 25, 
but no indication is there given of the closeness with which the inner 
limits of these vegetations follow asingle isoclimatic line. The line for 
the value 0.80 is an equally close approximation of the inner limit, of 
the Northwestern Hygrophytic Evergreen Forest. The line separating 
the Grassland and the Grassland Deciduous-Forest Transition is 
closely followed by the isoclimatic line of 0.60 in the South and by that 
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of 0.80 in the North. The area lying inside the line for values of 0.20 
is entirely occupied by Desert, which exceeds the line only to short 
distances in Texas and Washington. 

The importance of the moisture ratio in controlling the leading 
vegetations was shown by Transeau for the eastern United States, 
and our investigation has served to confirm his deductions, as well as 
to extend their application to the entire country. The comparisons 
which we have made between the vegetational areas and the various 
other climatic conditions have served to emphasize the importance of 
the moisture ratio even more than was done by Transeau, since no 
other single datum has been found in our work to approach it as an 
expression of the controlling conditions for forest, grassland, and 
desert. 

The importance of the moisture ratio is due partly to the fact that 
it is a combined expression of several other conditions, and still more 
to the fact that these conditions are ones which have a combined 
effect upon the physiological processes of the plant. The moisture 
ratio is, in brief, an expression of the relation existing between the 
water available for plants and the amount of water lost as a result of 
atmospheric conditions. The moisture ratio gives us a single numerical 
expression for the group of conditions which control a single important 
physiological condition of the plant, namely, its maintenance of a 
balance between intake and outgo of water. When we secure the 
product of the moisture ratio and the temperature summation we have 
a still more comprehensive expression of conditions, the moisture- 
temperature index. In this index, however, we have no such succinct 
expression of a set of conditions that are closely coordinated in their 
relation to the physiology of the plant, in spite of the individual impor- 
tance of each factor in the product. The moisture-temperature index 
is correspondingly of less value in interpreting distributional etiology 
than is the moisture ratio itself. 

A much more ideal derivation of the moisture ratio is one employing 
the soil-moisture rather than the precipitation, since it is the former 
rather than the latter condition that is of immediate relation to the 
activities of the plant. Shreve has used the ratio of soil-moisture to 
evaporation in a discussion of the annual march of moisture conditions 
at Tucson, Arizona,’ and also in describing the gradient of conditions 
from the base to the summit of the Santa Catalina Mountains. in 
southern Arizona, a range surrounded by desert and capped by heavy 
forest. For detailed work, and particularly in arid regions or regions 
with pronounced periodicity of rainfall, the ratio of soil-moisture to 
evaporation will be found to express the prevailing conditions for 
~ *franseau, E. N., Forest centres of eastern North America. Am, Nat. 39:875-880, 1008 


Am. Nat., 39: 875-889, 1905 
*Shreve, Forrest, Rainfall as a determinant of soil moist ae vf : 9-9 1 
Hee oisture, The Plant World, 17: 9-26, 1914,— 
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plants more precisely than the ratio of precipitation to evaporation. 
In dealing with large areas, however, the soil-moisture is so closely a 
function of the precipitation that the two expressions frequently 
approach identity, or at least proportionality. Of course, it is under- 
stood that in all cases where the soil-moisture content (percentage of soil- 
moisture on a volume or weight basis) is employed as the index of the 
soil-moisture condition, great differences in the water-retaining power 
of the soil in different areas must upset this clear relation. If the soils 
compared are all clay or all sands, etc., the soil-moisture content itself 
is probably a relatively good index of the water-supplying power of the 
soil, but this is not true when sands are to be compared with clays, for a 
10-per cent water-content in a sand may be physiologically equivalent 
to a 50-per cent content in a clay, other conditions being considered as 
alike. 


IV. CONDITIONS THAT PROBABLY DETERMINE THE LIFE-ZONES OF 
MERRIAM. 


1. OBSERVATIONS FROM THE CHARTS. 


In a discussion of the climatic extremes of the life-zones of the 
United States, as outlined by Merriam, it is necessary for us to dis- 
regard the Boreal and Tropical Regions, and also the Gulf Strip of the 
Lower Austral Zone, on account of the very small number of climato- 
logical stations comprised in those areas. As originally drawn by 
Merriam, the life-zone map of the United States was in actuality a 
climatological map, based on a summation of temperatures and 
slightly modified, particularly on the Pacific coast, by data on the 
temperature of the hottest 6 weeks of the summer. It is not necessary, 
therefore, to make correlations of the range of the life-zones with the 
distribution of the different intensities of the remainder summation of 
temperatures above 32° for the year (plate 37, which is Merriam’s 
chart), nor with the normal daily mean of the hottest 6 weeks of the 
year (plate 44, which is also Merriam’s). mn 

In figures 37 to 42 are shown the graphs for the leading climatic 
dimensions given in tables 33 to 38 for the Transition, Alleghanian, 
Upper Sonoran, Carolinian, Lower Sonoran, and Austroriparian zones. 
These 6 subdivisions comprise the western or arid and the eastern or 
humid subdivisions of the transcontinental zones based on temperature 
conditions. They represent, in other words, an exact but special sub- 
division of the country on a basis of certain temperature conditions, 
together with a rough subdivision on the basis of moisture conditions. 
The line separating the arid and humid divisions of these zones is 
drawn by Merriam along the one-hundredth meridian from Oklahoma 
to South Dakota, departing a little to the eastward at the north and 
south. This line corresponds rather closely with the isoclimatic line 
of a value of 0.60 for the moisture ratio7/E. It does not take account, 
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however, of the fact that humid conditions exist in the extreme North- 
west, as ‘shown by the return of the isoclimatic line of 0.60 for the 
moisture ratio, running from the Upper Columbia River to San 
Francisco Bay (see plate 59). 

Transition Zone (fig. 37).—The dimensions of nearly all of the leading 
climatic conditions exhibit a very wide amplitude in this zone, which 
embraces the northern Great Plains, portions of the humid Pacific 
Northwest, and mountain areas throughout the Western States. The 
length of frostless season and the number of cold days in the frostless 
season both range through nearly their entire amplitude for the United 
States. The normal daily mean precipitation and the mean total 
precipitation of the year likewise range through very wide amplitudes. 
The amplitude in the number of hot days is not great, and the extremes 
for this condition are low, ranging from 0 to 105. The physiological 
temperature summation exhibits a narrow range, as might be expected 
from the similarity of its derivation to that of the remainder summa- 
tion above 32°, the use of which in outlining these zones has been 
mentioned. Evaporation and humidity both show a much wider 
amplitude in this zone than in any of the vegetational areas that have 
been discussed, exceeding greatly the amplitude for the western section 
of the Northern Mesophytic Evergreen Forest, with which this zone 
has some distributional features in common. The moisture ratios all 
show wide amplitude for the Transition Zone, P/E and 7/E ranging 
through about half the total amplitude and P/E for the year through a 
still greater amplitude of conditions. The Northwestern Hygrophytic 
Evergreen Forest is the only one of our vegetational areas that exceeds 
the Transition Zone in the amplitude of the second of these ratios. 
The entire gamut of sunshine conditions for the United States is to be * 
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Fig. 37. Climatic extremes for the Transition Zone. 
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encountered in the Transition Zone. The moisture-temperature index | 
possesses almost as narrow an amplitude as that characteristic of the 
western section of the Northern Forest region. 

Alleghanian Zone (fig. 38).—The temperature conditions of this 
zone, excepting the length of the frostless season, are very similar to 
those of the Transition Zone, while the precipitation and other moisture 
conditions are quite unlike. The frostless season ranges from a length 
of 106 days to one of 211 days, extremes which lie well within those of 
the Transition Zone. The amplitude and extremes in the number of 
hot days and the number of cold days are very similar, while the 
normal daily mean of the coldest 14 days of the year is somewhat 
higher in its extremes, although very similar in its amplitude. 

In all of the precipitation and other moisture data the Alleghanian 
Zone exhibits much narrower amplitudes than those of the Transition 
Zone, because of the high values characteristic of the portions of the 
latter zone which lie in the extreme Northwest. In nearly all cases 
extremes for the Alleghanian Zone lie within those of the Transition 
Zone, the exceptions being the number of days in the longest normal 
rainy and dry periods in the frostless season. Owing to the winter 
occurrence of rainfall in the Northwest, these features indicate more 
moist conditions for the Alleghanian than for the Transition Zone. 
The amplitude of sunshine duration for the Alleghanian Zone is much 
less than that for the Transition, ranging from low values upward 
through about one-third of the entire amplitude for the country. The 
moisture-temperature index has a much wider amplitude in the former 
than in the latter zone, slightly exceeding the amplitude for the eastern 
section of the Northern Mesophytic Evergreen Forest. 
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Fra. 38. Climatic extremes for the Alleghanian Zone. 
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Upper Sonoran Zone (fig. 39).—In this zone are comprised portions 
of the Desert and more than half of the Grassland region. The ampli- 
tude of the conditions is not, in general, as great as it is for either of 
these two vegetations, since the zone does not include the more moist 
half of the Grassland nor the extremely arid portions of the Desert. 
This zone is largely one of arid grassland and comprises the Desert- 
Grassland region of our detailed vegetation map. ‘There is a wide 
amplitude in length of frostless season and in number of cold days, 
both seen to be characteristic of the Grassland, and there is a wide 
amplitude in the number of days in the longest normal dry period. 
Both the evaporation and humidity conditions range through wide 

‘amplitudes, the former from 0.166 to 0.330 inch and the latter from 
40 per cent to 80 per cent. The most moist conditions in this zone are 
to be found in the narrow strip which follows the coast of southern 
California. 

Both the physiological temperature summation for the frostless 
season and the moisture-temperature index show relatively narrow 
amplitudes for this zone. The narrowest ones, however, are those 
exhibited by the number of days in the longest normal rainy period 
of the frostless season and by the moisture ratios. The latter criterion 
appears to express the conditions which are critical in the limitations 
of this zone just as it does in the case of the Desert and Grassland. 

Carolinian Zone (fig. 40).—This zone bears about the same relation 
to the Upper Sonoran that the Alleghanian does to the Transition. 
That is to say, the temperature conditions are generally similar in the 
two, while the moisture conditions are dissimilar. The temperature 
similarity does not hold with respect to the length of frostless season, 
as it did not in the case of the Transition and Alleghanian Zones. The 
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maximum length is very similar in the two, being 237 days for the 
Upper Sonoran and 241 days for the Carolinian, but the minimum 
value for the former is 25 days and for the latter 127 days. Whereas 
the moisture conditions of the Alleghanian Zone were found to lie well 
within the extremes for the Transition Zone we have in the case of the 
Upper Sonoran and Carolinian Zones a more sharp separation of the 
ranges of these conditions. In every case there is an overlapping of 
moisture conditions, by which the minimum values of the Carolinian 
are seen to be lower than the maximum values for the Upper Sonoran. 
This circumstance is due to the fact that the highest moisture values 
of the Upper Sonoran are registered on the Pacific coast, while the 
lowest values of the Carolinian are experienced along the one-hundredth 
meridian. 

The minimum sunshine values for the Carolinian and Upper Sonoran 
Zones are very similar, but the amplitude of the former is only half 
that of the latter. The moisture-temperature index is higher in its 
extreme values and wider in its amplitude in the Carolinian Zone, 
reaching a maximum which is about midway of the amplitude for the 
United States. 

Among the relatively narrow amplitudes for this zone should be 
noted the normal daily mean precipitation for the average frostless 
season and the number of days in the longest normal dry period 
within that season. It is of interest to note that the length of the dry 
period shows a narrow amplitude in the Carolinian Zone, indicating 
its critical limiting importance, whereas the longest rainy periods are 
demonstrated to have a critical value for the Upper Sonoran. Con- 
versely, the length of the rainy period shows a wide, but imperfectly 
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Fig. 40. Climatic extremes for the Carolinian Zone. 
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determined, amplitude for the Carolinian, and the length of the dry 
period shows an even greater, but also inaccurately determined, ampli- 
tude for the Upper Sonoran. 

The moisture ratios show higher values and wider amplitudes for the 
Carolinian than for the Upper Sonoran, as was true of their more 
northern analogues, the indication being that the conditions expressed 
by these ratios are somewhat less critical in the moister Carolinian 
Zone than in the Lower Sonoran. 

Lower Sonoran Zone (fig. 41).—When a contparison is made between 
the zones which form the eastern and western halves of a given region, 
the temperature conditions are found to be similar in the two and the 
moisture conditions dissimilar. When a comparison is made between 
the temperature conditions of the Upper Sonoran and Lower Sonoran | 
Zones, the values and amplitudes are found to be dissimilar, whereas” 
the moisture conditions in the two are very much alike throughout, 
with the exception of the higher range of evaporation in the Upper 
Sonoran. 

The length of frostless season in the Lower Sonoran ranges from 
106 to 331 days, which is both a wider amplitude and a higher series 
of values than those found in the Upper Sonoran. Other very wide 
amplitudes are those of the normal daily mean temperature for the 
year, the number of days in the longest normal dry period within the 
frostless season, and the daily mean evaporation for the frostless 
season. These are all conditions which are likewise of wide amplitude 
in the Desert region. 

One of the narrowest amplitudes of this zone is the normal daily 
mean for the coldest 14 days of the year, for which the amplitude in 
the Upper Sonoran is great. This emphasizes the importance which 
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the temperatures of the coldest periods of winter assume on passing 
to a warm subtropical zone in which there are no cold days in our sense. 
The number of days in the longest normal rainy period of the frostless 
season appears to be of narrow amplitude in the Lower Sonoran Zone, 
although this is not accurately determinable. Its values and ampli- 
tudes are doubtless very similar to those of the Upper Sonoran Zone, 
as indicated by a comparison of figure 39 and figure 41. While, in 
other words, there is a sharp contrast between the conditions in the 
Upper and Lower Sonoran Zones with respect to one of the most 
critical temperature conditions of the latter, there is a similarity with 
respect to a moisture condition which is not critical in separating these 
zones, but is critical in separating them from their eastern humid 
analogues. The moisture ratios, which show narrow amplitudes for 
this zone, are also very similar in range and amplitude to the moisture 
ratios of the Upper Sonoran Zone. 

Austroriparian Zone (fig. 42).—The temperature conditions of this 
zone show less similarity to those of the Lower Sonoran Zone than is 
shown by a comparison of Upper Sonoran with Carolinian or Transi- 
tion with Alleghenian. The amplitude of the length of the frostless 
season is relatively narrow, and that of all the other temperature con- 
ditions is narrower than in the Lower Sonoran. There are rather wide 
limits, however, within which the temperature conditions of these two 
zones overlap. 

The normal daily mean precipitation ranges through a wide ampli- 
tude in the Austroriparian Zone, exceeding its amplitude in the Caro- 
linian. The number of days in the longest normal rainy period of the 
frostless season also reaches much higher maximum values in the 
former zone than in the latter. With these exceptions, there is a general 
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Fig. 42. Climatic extremes for the Austroriparian Zone. 
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correspondence of limiting values for the moisture conditions in the 
Austroriparian and Carolinian. There is a very strong dissimilarity 
between the moisture conditions for the Austroriparian and the Lower 
Sonoran. The daily mean evaporation of the frostless season ranges 
from 0.96 to 1.69 (2) in the former zone and from 104 to 273 in the 
latter, thereby overlapping to a considerable extent. 

Several of the temperature conditions exhibit narrow amplitudes in 
this zone, notably the number of cold days and the number of hot 
days. A narrow amplitude is also exhibited by the number of days 
in the longest normal dry period of the frostless season, and in the 
imperfectly determined data for the mean total precipitation for the 
year and the normal mean humidity for the frostless season. It is 
apparent from this evidence that the Austroriparian Zone is differ- 
entiated from the adjacent zone on the north by temperature condi- 
tions and from the adjacent one on the west by moisture conditions, 
the greatest importance in this differentiation attaching to the con- 
ditions of narrow amplitude which have been mentioned. 


2. DISCUSSION OF THE OBSERVATIONS. 


It is impossible to undertake a logical discussion of the correlation 
of climatic conditions with the areas occupied by the life-zones, because 
of the climatic basis on which these zones were originally outlined by 
Merriam. The boundaries running, in general, in an east-and-west 
direction were determined by the remainder temperature summation 
above 32°, and the boundary running north and south along the one- 
hundredth meridian was selected because it is a pronounced climatic 
line, separating what would otherwise be very irreconcilable faunal and 
floristic regions. From these considerations it may be seen that we 
should be able to predict the nature of the conditions which limit 
these areas. An examination of figures 37 to 42, indeed, shows that we 
encounter marked differences in all of the temperature conditions on 
passing southward from the Transition Zone, through the Upper 
Sonoran to the Lower Sonoran, or in passing from the Alleghanian 
Zone down through the Carolinian and Austroriparian, barring a 
rather strong similarity between these conditions for the Alleghanian 
and Carolinian Zones. A comparison of Transition Zone with Alle- 
ghanian, of Upper Sonoran with Carolinian, and of Lower Sonoran 
with Austroriparian,-exhibits a similar marked difference of moisture 
conditions. If the humid Transition of Washington and Oregon is 
considered separately from the remainder of the Transition, this con- 
trast becomes more striking in the first of these comparisons. 

As far as possible we have made use of Merriam’s maps of the 
remainder summation of temperatures above 32° F. and of the normal 
daily mean temperature for the hottest 6 weeks of the year, but we 
have been prevented from making as full use of these maps as their 
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importance warrants on account of Merriam’s failure to publish the 
numerical data on which they were based. The climatic extremes have 
been read from these maps, however, for all of our botanical areas. A 
consultation of the tables of climatic extremes will show that the 
absence of the readings for individual stations, and the mere possession 
of the values for the isoclimatic lines, has made the climatic extremes 
for these maps (plates 37 and 44) very general in their nature, and has 
resulted in giving the same extremes for areas which are widely sepa- 
rated or very unlike. 

The physiological summation of temperatures appears to be a more 
natural method of securing a measure of the cumulative effects of this 
factor on plants than either of the remainder summations which we 
have used, and its resulting figures should bear a closer relation to 
distributional facts than the figures derived from any other mode of 
summation thus far suggested. The four charts showing summations 
by the different methods (plates 37, 38, 39, and 40) have a generic 
resemblance so far as concerns the general sweep of their isoclimatic 
lines, although the actual values represented by the lines differ. The 
amplitude of the conditions expressed by the physiological summation 
is not great for any one of the 6 life zones, although it is not so narrow, 
in any case except the Transition Zone, as to indicate that it expresses 
one of the conditions of most vital importance in controlling the 
position of the limits between the life-zones. When the remainder 
summation above 32° has been found to have such apparent impor- 
tance as a controlling condition as to form a leading basis for the 
delineation of life-zones, it is a matter of surprise that the more logical 
physiological summation does not show a high degree of importance 
when correlated with the life-zones. This discrepancy might be 
attributed to the fact that the boundaries of the zones were partly 
determined by the temperature of the hottest 6 weeks, particularly in 
the western or arid zones, if it were not for the fact that it is these 
zones in which there is the strongest indication that the physiological 
summation is of importance as a controlling condition. It is at least 
true, from the indications of our data, that the physiological summa- _ 
tion appears to be more important in controlling the zones than is any ’ 
other temperature factor that we have used, except in the Austro- 
riparian Zone, where several others are of equally narrow amplitude. 
As we proceed from the northern toward southern zones the mean 
temperature of the coldest 14 days of the year is seen to be a controlling 
condition of increasing importance. 

With a single exception, the moisture conditions of the western and 
eastern subdivisions of Merriam’s transcontinental zones show a very 
different range of values, as would be expected from the fact that the 
subdivision was made on a basis of the differences in these conditions. 
The one exception is the case of the Transition Zone, in which the 


528 CORRELATION OF DISTRIBUTIONAL FEATURSE. 


humid northwestern region gives the moisture conditions both higher 
and lower extreme values in the Transition than they exhibit in the 
Alleghanian. With the same exception the moisture ratios have a 
much narrower amplitude in the western zones than in the easte™n 
ones. They are clearly to be looked upon as expressing the most 
important controlling condition in the Upper Sonoran and Lower 
Sonoran Zones, but their amplitudes are relatively wide in the eastern 
zones. 

The moisture-temperature index is also of narrower amplitude in the 
western zones than in the eastern ones. While it is sufficiently narrow 
in the Transition Zone to be regarded as an expression of important 
conditions in the limitation of this zone, ihis is not the case with the 
other zones. In the three western zones this index has the same 
minimum value, but increases in amplitude on passing southward, 
so that its maximum values are progressively higher and consequently 
its amplitudes increasingly wider. In the eastern zones the extremes 
become progressively higher on passing from north to south, and the 
amplitudes become greater. 

From the preceding discussion, and from considerations presented 
in Part II, it appears that the system of life-zones worked out by 
Merriam and now rather widely used in a descriptive way, especially 
by the United States Biological Survey, will require much modification 
before it may become at all satisfactory to a serious student of etio- 
logical plant geography. It is extremely unfortunate that the actual 
data on which this system was originally based, and on which its appli- 
cations are based in current descriptions, do not exist in the published 
literature. Neither Merriam nor any of his followers has thus far 
attempted to present the actual basis for the system in form such that 
a critical study of its good and bad features may be undertaken. 
Perhaps this may be a main reason why the who-e subject of the 
climatic relations of floral and faunal areas has received so little atten- 
tion at the hands of students who are able and willing to undertake 
the complex analyses which are involved in such a subject. The pub- 
lication of the charts without the data on which they were based, 
together with the general and official adoption of the system by the 
United States Biological Survey, have given this important problem 
the appearance of having been satisfactorily solved—of being a closed 
subject. Those who have employed this zone system have either 
refrained from any discussion of its good and bad characteristics, or 
else they have merely taken the standpoint of advocates, and the lack 
of the numerical data that are absolutely necessary for a critical study. 
has tended strongly to discourage such inquiries. Also, a sort of 
authoritative atmosphere that seems to hang over government pub- 
lications in general, together with the apparent authority and dog- 
matism that invariably go with well-printed (and especially colored) 
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charts, to the exoteric reader, tend in the same direction, to retard real 
progress. Ecological students should realize that this is not by any 


means a closed subject, but that it is in a very early, formative stage, ” 


and that it requires vastly more critical and original study than has 
ever been accorded it. Merriam’s work formed an excellent beginning 
and he opened up a new and very important field, but his presentation 
of the matter was hurried and incomplete, and the later work of his 
followers has consisted in drawing zonal boundaries on a finer scale on 
biological evidence without any effort to extend the investigation of 
the climatic basis of the scheme. The work of Merriam should be 
regarded as a beginning and the whole field opened by him assuredly 
deserves elaborate critical study at the hands of ecologists. We do 
not wish to attempt to substitute any other dogmatic scheme of cli- 
matic provinces in place of this one, but we do wish to emphasize the 
fact that some other and much better scheme is to be expected when 
this subject receives attention such as it deserves. 


V. CONDITIONS THAT PROBABLY DETERMINE THE DISTRIBUTION 
OF GROWTH-FORMS AND THE ECOLOGICAL DISTRIBUTION OF 
INDIVIDUAL SPECIES. 


1. GROWTH-FORMS. 


The fundamental vegetational data for use in any study of climatic 
conditions in relation to the relative abundance of a particular growth- 
form should be based on a knowledge of the réle played by this growth- 
form in the vegetation of the region involved. Such knowledge is in 
hand for certain small areas, but is lacking for the great bulk of our 
region. We have therefore fallen back upon the best obtainable sub- 
stitute, namely, the securing of distributional data for each of the 
various species belonging to these growth-forms, and the plotting of 
their cumulative distribution. 

The distribution of all evergreen broad-leaved trees and of all 
microphyllous trees of the United States have been superposed so as to 
show the regions in which these growth-forms are represented by the 
greatest number of species. The resulting maps doubtless come near 
to showing the relative importance of these forms in the vegetation, 
as well as their numerical representation in the flora. The distribu- 
tion of the eastern deciduous trees has been treated by superposing the 
ranges of a group of the most common and widespread species, rather 
than by an attempt to use all of the very numerous trees of this growth- 
form. The resulting area does not coincide with the Deciduous Forest 
region of plates 1 and 2, but it comprises the region in which deciduous 
trees are known to reach their maximum abundance, size, rate of 
growth, and speed of reproduction, as well as the regions in which 
they are abundant and successful in the optimum habitats. 


& 
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The ecological distribution of two species, Liriodendron tulipifera 
and Bulbilis dactyloides, has been investigated, as exemplifying the 
methods that it would be highly desirable to extend to a much larger 
number of species if the data were available for doing so. The aim 
of securing the climatic data for the areas of relative abundance has 
been to determine the optimum conditions for these species, as con- 
trasted with the conditions existing where they are not so well repre- 
sented in the vegetation. The relatively narrow amplitude of condi- 
tions exhibited by the central areas of ecological distribution points in 
each case to the conditions of these areas as the optimal ones. 

In all five of the following cases our effort has been the same, whether 
concerned with the ecological centers for growth-forms or for individual 
species. The former have been determined entirely from floristic data 
in the case of the evergreen broad-leaved and microphyllous trees, from 
floristic data on ecologically important species in the case of the decid- 
uous trees, and from purely vegetational data in the case of Lirioden- 
dron and Bulbilis. 

Evergreen broad-leaved trees.—Owing to the complicated nature of 
the areas in which different numbers of trees of this group are found, 
it has been impossible to construct a satisfactory figure to represent 
graphically the limiting conditions for the several areas. By a com- 
parison of the map showing the cumulative distribution of this group 
of trees (plate 3) with the various climatic maps, it is possible, however, 
to determine some of the conditions upon which an abundant repre- 
sentation of evergreen broad-leaved trees is apparently dependent. 

Both in the West and the Southeast these trees are seen to be almost 
wholly confined to the region with an average frostless season of more 
than 180 days, and with no cold days in our sense. The Desert region 
between Texas and southern California is nowhere occupied by more 
than 10 species of evergreen broad-leaved trees, and extensive stretches 
of it are occupied by less than 5 species or by none at all, although the 
temperature conditions are analogous to those of the adjacent regions 
to the east and west in which there are 10 or more species. The 
eastern boundary of this group of trees is mainly formed by the limit 
of Ilex opaca, while the boundary for 5 or more species is formed 
by several intersecting limits. The position of the latter boundary 
corresponds roughly with the line for a frostless season of 240 days, 
while in the West and the East the areas with 5 or more species are 
so situated as to have a daily mean of 40° or more for the coldest 14 
days of the year. 

The physiological summation of temperature appears to have a 
slight correlation with the cumulative distribution of this group of 
trees in the Southeastern States, but such correlation is not borne out 
on the Pacific coast, where the region with 10 or more species encounters 
the same values of the summation as those found in the Northeastern 
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States, where no evergreen broad-leaved species occur. Although the 
length of the frostless season is evidently a condition of great impor- 
tance for the rich representation of trees of this type, it is apparent 
that the temperature conditions of the frostless season itself are not 
so important as are the conditions insuring a mild winter. In parts of 
the California coast with a physiological summation of 5,000 to 7,500 
there are over 10 species of evergreen broad-leaved trees, while in 
Georgia and Florida the same number of species are to be found in a 
region with summations of 15,000 to 17,500. In each of these cases 
the frostless season is between 240 and 300 days in length. In spite 
of such great differences in temperature summation between regions 
with frostless seasons of so nearly the same length, we have, on the 
other hand, an absence of cold days in both regions and daily mean 
temperatures in both places that are above 45°, or even above 50°, for 
the coldest 14 days of the year. 

The rapid increase in the total number of evergreen broad-leaved 
trees encountered in passing from the central Eastern States into 
peninsular Florida is paralleled by a rapid increase in the number of 
hot days, by an increase in the physiological temperature summation, 
by an elevation in the mean temperature of the coldest fortnight to 
60° and above, and by increasing values for the moisture-temperature 
index. In none of these conditions does the coast of California 
approach the high values of southern Florida, except in the case of the 
mean temperature of the coldest 14 days. 

The long frostless season and the mild winter, which favor the 
abundance of broad-leaved evergreens, do so only in regions of high 
moisture conditions. In the Southeastern States the region with 5 or 
more species exhibits moisture ratios of 1.00 or above, except in extreme 
southern Florida. On the Pacific coast the greatest abundance of 
evergreen broad-leaved trees is in a region with moisture ratios of 
0.40 to 0.60. This marked difference must be interpreted in connection 
with the much lower summations of temperature for the frostless 
season which characterize the Pacific coast. Between coastal Cali- 
fornia and eastern Texas the number of evergreens rises above 5 only 
in the mountain ranges of southern Arizona and western Texas, where 
the local conditions are not elucidated by our climatic data. 

In the correlation of moisture conditions with the cumulative dis- 
tribution of the evergreen broad-leaved trees, it should be borne in 
mind that our moisture data are chiefly elaborated for the frostless 
season, and that the moisture conditions of the winter (even where it is 
reduced to a length of less than 9 weeks) are surely of great importance 
to these trees. The low moisture ratios of the frostless season on the 
coast of California must be interpreted in the light of the fact that 
the short frost season is there the time of the principal rainfall. 

Microphyllous trees——The cumulative occurrence of this small 
group of trees characteristic of the subtropical desert regions has been 
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shown on the same map with the cumulative occurrence of the ever- 
green broad-leaved trees (plate 3), in order to demonstrate the manner 
in which the former group fills the break in the distribution of the 
latter. The region of maximum occurrence is in extreme southern 
Texas, while 5 or more species are found in the Texas Semidesert, 
along the lower Rio Grande, and in southern Arizona. ; 

The maximum occurrence of microphyllous trees is in a region with 
a frostless season of 300 days or more, and the areas with 5 or more 
species are confined to regions with a season of from 240 to 300 days. 
Nowhere does the occurrence of as many as 5 species encounter any 
cold days nor a mean temperature for the coldest fortnight that is 
lower than 40° (or for the largest areas, 50°). The physiological sum- 
mation of temperature is above 15,000 for 5 or more species and above 
20,000 for 10 or more. 

The moisture ratio for the region of maximum occurrence of micro- 
phyllous trees falls rapidly from 0.80 on the Gulf coast to 0.40 in the 
interior, and for the region of 5 or more species it falls from values 
above 0.60 to values below 0.20. Dry periods of 75 days are experienced 
on the Texas coast, of 100 days and more along the Rio Grande, and 
of 250 days and more in southern Arizona. 

In spite of the occurrence of the maximum number of trees of this 
type in the relatively moist climate of extreme southern Texas, as 
many as 5 species of the group are able to withstand the extremely 
arid conditions of the desert near the mouth of the Colorado River. 
The encountering of rainy periods of 25 days (or of 50 days in Texas) 
appears to limit the western and eastern occurrence of 5 or more species. 

While the microphyllous trees are confined longitudinally by mois- 
ture conditions, their latitudinal range is restricted by temperature 
conditions. The continuity of the region of 5 or more species from 
California to Texas is broken only by the highlands of the Conti- 
nental Divide near the Arizona-New Mexico boundary, where all 
temperature conditions are relatively severe. 

Eastern Deciduous trees (fig. 43).—The 13 most common and wide- 
spread deciduous trees of the eastern United States are all found in a 
region stretching from Massachusetts and New York to Delaware and 
Ohio, and southward to northern Alabama. The region with 8 or 
more of the 13 embraces southern New England, southern Michigan, 
eastern Iowa, the whole of Arkansas, and nearly the whole of South 
Carolina. The region with from 1 to 7 species embraces all the remain- 
ing States east of the one-hundredth meridian, barring southern 
Florida (see plate 5). 

An effort has been made to show the climatic extremes of these 
three areas graphically and in such a way as to make their direct com- 
parison easy, and the result is shown in figure 43. In this figure we have 
a rough means of determining the optimum conditions for deciduous 
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trees, not on the ideal basis of the ecological distribution of all species 
of that type, but on the only basis which is now practicable—the 
geographical distribution of the most abundant species. 

It will be noted that there are a number of cases, particularly among 
the temperature conditions, in which the upper climatic extreme 
grows higher as we pass from the center (with 13 species) through the 
subcenter (with 8 or more species) into the fringe (with 1 to 7 species). 
Thus, the number of species of deciduous trees grows less as the frost- 
less season grows longer, as the number of hot days increases, as the 
number of cold days increases, etc. In several cases the extremes are 
nearly the same for the center and the subcenter, or for the subcenter 
and the fringe. In the case of humidity we have no deciduous trees 
growing in the lower half of the gamut of this condition; with increasing 
humidities above 53.2 per cent we have an increasing number of 
deciduous species; on approaching the region with highest humidities 
we first leave the fringe, then the subcenter, and finally the center. 

Rather wide amplitudes characterize all of the temperature condi- 
tions, and in most cases the conditions of the subcenter and fringe 
shade off very gradually from the conditions of the center. The 
minimum number of cold days is the same for all three areas, inasmuch 
as all of them range into the region with no cold days. A much more 
irregular set of relations is exhibited between the extremes for the 
moisture conditions of the three areas. The shortening of the longest 
rainy period brings us rapidly from the center to the limit of the entire 
group. Increasing evaporation also brings us, within very narrow 
limits, from the center to the edge. 
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Fic. 43. Climatic extremes for eastern Deciduous trees; center of distribution (black), subcenter (shaded), 
fringe (dotted). 
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The narrowest amplitudes for the center are in the three moisture 
ratios and in the number of days in the longest dry period; and in all 
four of these cases a slightly wider amplitude of conditions brings us 
to the extremes for the fringe. A comparison of plate 5 with plate 59 
shows that the whole region occupied by the center, subcenter, and 
fringe is very nearly confined between the isoclimatic lines for mois- 
ture-ratio values of 0.60 and 1.10, although the fringe enters regions 
with higher values. The range from 0.80 to 1.10 is scarcely exceeded 
by the center. The isoclimatic line for dry periods of 50 days is close 
to marking the western limit of the fringe of deciduous trees. In the 
center the extreme range is from 4 to 56 days, values above 50 being 
extremely local in this region, however. 

Figure 43 should be compared with figure 31, which shows the 
climatic extremes for the Deciduous Forest region. The extremes for 
the Deciduous Forest lie, in general, outside those of the center of the 
13 common species and inside those of the fringe. 

Liriodendron tulipifera (fig. 44)—The area in which this tree is 
of commercial importance may well be regarded as its ecological 
center, while the region in which it occurs too infrequently to have 
such importance may be designated as its fringe (plate 9). The center 
for Liriodendron lies almost wholly within the center for the 13 decid- 
uous trees just treated, and its distributional limit is similar to that of 
the subcenter of the deciduous trees, although not extending quite so 
far west. The conditions for the center and fringe of Lirtodendron 
have been shown by pairs of graphs in figure 44. 

The region of greatest abundance for Liriodendron is one of the very 
few botanical areas investigated in which the edge lies entirely within 
the United States and is nowhere formed by a coast-line. The fact 
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Fia. 44. Climatic extremes for Liriodendron; upper blocks for center, lower for fringe. 
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that the fringe completely surrounds the region of greatest abundance 
makes this a case in which it is of interest to compare the character of 
the two sets of amplitudes. The amplitudes of conditions for the center 
are narrow in all cases, except the number of cold days. The ampli- 
tudes for the fringe are wide in a number of cases, notably the number 
of cold days, the annual daily mean temperature, the length of the 
longest rainy period, and the moisture-temperature index. In every 
case the amplitude of the conditions for the center is less than that for 
the fringe, and the extremes for the center lie within those for the 
fringe in all cases except those of evaporation, humidity, and the 
moisture ratios. The geometrical centers of the blocks representing 
the extremes for the region of greatest abundance lie within the blocks 
for the extremes of the fringe in every case except that of evaporation. 
This means that for all of the conditions except evaporation it is possi- 
ble to find a locality in the fringe which possesses climatic values that 
are near those of the absolute ecological optimum of the species. 

The fact that a straight line laid down across any portion of the map 
of the United States passes through localities showing for long dis- 
tances a progressive change in the values of each climatic condition 
is responsible for the maximum and minimum values of so many con- 
ditions being respectively greater and less in the fringe than in the 
center. The conditions which are favorable to Liriodendron in the 
region of greatest abundance are, in some cases, still more favorable 
to it in the northern part of the fringe, and in other cases still more 
favorable in the southern part of the fringe. The center exhibits the 
favorable constellation of conditions designated as the ecological 
optimum. When a given condition shows minimum and maximum 
values for the fringe which are not respectively lower and higher than 
the extremes for the center (fig. 44, plates 53, 57, 59, 60, and 65), it is 
probably an indication that the condition involved is not an important 
one in determining the location of the center and fringe, however 
_ narrow the amplitudes involved may be. 

The comparative uniformity in the amplitudes of all temperature 
conditions for the distributional center of Liriodendron indicates that 
these conditions are of nearly equal weight in determining the limits 
of the center, with a slight indication of preponderant importance for 
the mean temperature of the coldest 14 days. The daily mean pre- 
cipitation and the number of days in the longest normal dry period 
appear also to be conditions of importance in limiting the center. The 
narrow amplitude of the moisture ratios for the center is largely to be 
attributed to the low values which characterize the Ohio Valley (see 
plate 59). An adequate series of evaporation and precipitation sta- 
tions in the heart of the southern Alleghenies would doubtless give 
maxima for the center nearly or quite as high as those for the fringe 
(see values for Pisgah Forest, North Carolina, table 16). The west- 
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ward extension of Liriodendron does not carry it far beyond a mean 
annual rainfall of 40 inches, nor into the region with more than 25 
days in the longest dry period. 

Bulbilis dactyloides (fig. 45)—The areas of relative abundance for 
Bulbilis (plate 10) have been charted in an effort to depict the virgin 
conditions of the distribution of this grass, using all available sources 
of information, but the resulting map is probably less faithful to the 
facts than the map of Liriodendron or the map of the relative abun- 
dance of Pinus teda. The areas of the latter are unfortunately so small 
that they frequently comprise no climatic stations whatever, thereby 
rendering an adequate discussion of them impossible. 

The range of Bulbilis crosses the United States in a broad belt 
between the ninety-fifth and one hundredth and sixth meridians, 
extending from the Canadian boundary in North Dakota to southern 
Texas. In the North the distributional area is narrower than the 
Grassland, not reaching to its western edge; in the South the distribu- 
tion is more extended than that of the Grassland, reaching eastward 
to Louisiana and westward into the Desert-Grassland Transition 
region. The only limits of the geographical distribution of this species 
that fall within the United States are the eastern and western ones. 
The center of ecological distribution extends from South Dakota to 
northern Texas, and the subcenter of ecological distribution is only 
from 100 to 200 miles in width, surrounding the center. Both of these 
areas lie entirely within the United States (see plate 10). 
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Fic. 45. Climatic extremes for Bulbilis; center of distribution (black), subcenter (shaded), fringe (dotted) 
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The graphs showing the climatic extremes for Bulbilis (fig. 45) have 
been drawn in such a way as to show the maximum and minimum 
values for the center, only such maximum and minimum values for 
the subcenter as lie outside those for the center itself, and only such 
extreme values for the fringe as lie outside those for the subcenter. 

The ecological center exhibits several climatic conditions with 
narrow amplitudes, notably the number of hot days, the physiological 
summation, mean annual precipitation, evaporation, humidity, and 
the moisture ratios. The position of the isoclimatic lines for the 
physiological summation would indicate a somewhat wider amplitude 
(5,000 to 15,000) for this condition than that based upon the readings 
of the minimum and maximum stations and given in table 71. The 
widest amplitudes are those of the number of cold days, the daily 
mean temperature, and the daily duration of sunshine. For the 
ecological center, then, we may state that the amplitudes are narrow 
for all of the moisture conditions and are partially narrow and partially 
wide for the temperature conditions. 

An examination of the graphs for the climatic extremes of the sub- 
center and fringe shows that the amplitudes are wide for all of the 
temperature conditions, even for those that show narrow amplitudes 
for the center. With respect to the moisture conditions, however, the 
amplitudes of the subcenter and fringe are not so greatly in excess of 
those for the center, except in the cases of evaporation and humidity. 
The moisture ratios show narrow amplitudes even for the fringe. 
These facts indicate that the location of the Bulbilis areas as a whole is 
chiefly determined by moisture conditions, and this is particularly 
true of the center. The position of the zones of abundance is deter- 
mined on the east and west by small but significant differences in the 
moisture conditions, and on the north and south by temperature 
conditions. 


2. SPECIES. 


The climatic extremes for all of the individual species treated in the 
following pages will be found in tables 77 to 151. Some 31 species 
have been selected from a total of 75 for the presentation of the 
climatic extremes in graphic form (figs. 46 to 74). These have been 
chosen so as to represent all types of plants and all types of distribution 
represented among the larger number. The relation of climatic con- 
ditions to the distribution of these species will now be discussed. 

Tsuga heterophylla (fig. 46).—This tree occupies an area in which the 
conditions are similar to those of the Northwestern Evergreen Hygro- 
phytic Forest, with differences due to the extension of the limits of 
Tsuga into northern Idaho and Montana, well to the east of the Hygro- 
phytic Forest. The number of cold days in the frostless season endured 
by the’ easternmost individuals of this species reaches a maximum of 
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120, whereas no cold days are experienced within the Hygrophytic 
Forest. The normal daily mean temperature also ranges to lower 
values for the tree than for the vegetation in which it is most charac- 
teristically developed. The temperature conditions encountered by 
Tsuga in northern Idaho and Montana are otherwise very similar to 
those in coastal Washington and Oregon. The precipitation condi- 
tions for the area occupied by T'suga are very similar to those of the 
Hygrophytic Forest, at least with respect to the frostless season. 
Higher intensities of evaporation are encountered in Idaho and Mon- 
tana and higher values for humidity in northern California, making 
the amplitudes for both of these conditions somewhat greater than 
they are for the Hygrophytic Forest. The remarkably wide amplitude 
of the moisture ratios which is characteristic of the last-named forest 
is also shown for the area of T’suga. 

The narrow amplitude in the number of hot days in the frostless 
season and in the physiological summation of temperature would 
indicate that these conditions are important in the limitation of Tsuga 
heterophylla, and the position of the isoclimatic lines also suggest that 
the precipitation conditions are of critical importance, in spite of the 
wide amplitude which they exhibit within the distributional area of 
this tree. 
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Fig. 46. Climatic extremes for Tsuga heterophylla. 


Pseudotsuga mucronata (fig. 47)—The range of this tree covers all 
of the Northwestern Hygrophytic Evergreen Forest and a large part of 
the western section of the Northern Mesophytie Evergreen Forest 
The climatic extremes for it exhibit some of the features of each of the 
vegetations with which it is coextensive, and in several cases the 
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graphs exhibiting these extremes are such as would be secured by a 
superposition of the graphs for the two vegetations. 

In spite of the great north-and-south extension of the range of 
Pseudotsuga, it encounters a narrow amplitude of conditions in the 
number of hot days in the frostless season and in the physiological 
summation of temperature. Further climatological data from stations 
situated within the range of this tree at some of its most southerly 
localities might broaden the amplitude of these conditions, giving 
values more nearly like those for the western section of the Northern 
Evergreen Forest, which area is drawn in a more generalized manner. 

With respect to all of the conditions involving precipitation or 
atmospheric moisture, the amplitudes are very wide, being in many 
cases a superposition of the amplitudes for the two forest areas men- 
tioned. The fact that this tree is so nearly coextensive with the 
southernmost areas of Mesophytic Evergreen Forest may be taken to 
mean that the constellations of conditions by which its range is limited 
are very similar to those limiting this forest. The lowest normal daily 
mean precipitation, the highest values for evaporation, and the lowest 
ones for the moisture ratios are all to be regarded as important in 
limiting the southward range of this tree. Although the lower limit of 
Pseudotsuga in the mountains of Arizona and New Mexico is slightly 
higher than the lower limit of the pines which form the edge of the 
Mesophytic Forest, the data from the few stations in that region show 
a close correspondence in the extremes just mentioned. The number 
of hot days and the value of the physiological summation of tempera- 
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Fig. 47. Climatic extremes for Pseudotsuga mucronata. 


540 CORRELATION OF DISTRIBUTIONAL FEATURES. 


ture are the two conditions which appear to be most critical in the 
limitation of this species with respect to its entire range. There are 
few localities in its distributional edge, however, in which the moisture 
conditions would fail to be of importance in connection with the tem- 
perature conditions just mentioned. ras. 

Pinus ponderosa (fig. 48).—The range of Pinus ponderosa is similar 
to that of Pseudotsuga, but is somewhat more extended from Colorado 
northward to the Canadian boundary, where it exceeds the eastern 
limit of the western section of the Northern Mesophytic Evergreen 
Forest, and is less extended in the extreme northwest, where it fails to 
enter the Northwestern Evergreen Hygrophytic Forest. 

Except for the slightly narrower amplitude in length of frostless 
season, the temperature conditions are similar for Pinus ponderosa 
and for the western section of the Northern Mesophytic Forest. The 
number of hot days and the physiological summation of temperature 
again appear to be factors of importance in limiting this tree. 

On account of its extension into the western edge of the Grassland, 
the moisture values of Pinus ponderosa are of somewhat wider ampli- 
tude than those of the forested area in which it is so abundant. This 
species does not, however, encounter such low evaporation values nor 
such a high range of humidities as does the forest itself. It is doubtful 
if the former of these facts would be confirmed by data from a larger 
number of critically located stations; the latter is due to the absence of 
Pinus from the extreme coast of northern California. 

The conditions expressed by the moisture-temperature index appear 
to be of considerable importance in limiting this tree, together with the 
moisture ratios, the number of hot days, and the physiological summa- 
tion of temperatures. 
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Fie. 48. Climatic extremes for Pinus ponderosa. 
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Pinus contorta (fig. 49).—The range given for this tree is based on 
the view that it is identical with Pinus murrayana, and comprises the 
regions that are occupied by the two forms—the northern Pacific coast, 
ees Sierra Nevada, the northern Rocky Mountains, and the Black 

ills. 

The extremes and amplitudes of conditions for this tree are very 
similar to those for Pseudotsuga mucronata. It encounters a slightly 
greater number of hot days, and a greater value for the physiological 
temperature summation, with a lower maximum value for the number 
of days in the longest dry period. Pinus contorta is like Pseudotsuga 
in encountering a wide amplitude of nearly all of the conditions here 
studied, its strongest control appearing to lie in the number of hot 
days and the values of the physiological summation of temperatures. 

It will be noted that both the eastern and western evergreen needle- 
leaved trees are confined to ranges which exhibit a narrow amplitude 
in the number of hot days. The amplitude of the physiological summa- 
tion is narrow for all except the species that are found in the South- 
eastern Evergreen Mesophytic Forest (for example Pinus echinata). 
With respect to both of these conditions there is a marked contrast 
between the evergreen needle-leaved and the deciduous broad-leaved 
trees. 
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Fig. 49. Climatie extremes for Pinus contorta. 


Pinus echinata (fig. 50).—The range of this tree occupies all of the 
Southeastern Evergreen Mesophytic Forest except a strip along the 
Gulf of Mexico and peninsular Florida, and also the southern half of 
the Deciduous Forest region. It therefore exhibits amplitudes and 
extremes which lie between those of the two vegetations in which it 
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occurs, and is remarkable in having a number of relatively narrow 
amplitudes for a tree of such wide distribution. Its widest amplitudes 
are in the number of days in the longest normal rainy period and in 
the moisture-temperature index. The number of hot days and the 
number of cold days appear to be of about equal importance in limiting 
the range of Pinus echinata. The number of days in the longest normal 
dry period and the mean total precipitation of the year appear to be 
still more important as limiting conditions, while the amplitude of 
relative humidity is also comparatively narrow. 
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Fig. 50. Climatic extremes for Pinus echinata. 


Pinus strobus (fig. 51).—The distribution of Pinus strobus is coex- 
tensive with that of the eastern section of the Northern Mesophytic 
Evergreen Forest, and exceeds it to some extent toward the south and 
west, carrying the tree into the Deciduous Forest region and into the 
Grassland-Deciduous Forest Transition region. The conditions in the 
area of Pinus strobus are therefore similar to those of the vegetational 
area in which it reaches its greatest abundance. The southernmost 
extension of the tree carries it into a region with longer frostless season 
and with no cold days, in our sense of this term. A slightly greater 
value for the physiological temperature summation and a greater 
normal daily mean temperature are also encountered by Pinus strobus 
in its extension toward the Atlantic Coastal Plain and southward to 
Georgia. The number of days in the longest normal rainy period and 
the number in the longest normal dry period both reach maximum 
values which are greater for this tree than for the Evergreen Forest, 
although the minimum values are the same for the two. 

There are no very narrow amplitudes for this pine. The narrowest 


however, are those for the moisture ratios and for relative humidity, 


, 
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and those for the number of hot days, the normal daily mean pre- 
cipitation, the physiological temperature summation, and the number 
of days in the longest normal dry period. 

From a comparison of the distributional limit with the positions of 
various isoclimatic lines, the southward range of Pinus strobus appears 
to be determined by temperature conditions, of which the physiological 
summation and the number of hot days in the frostless season are the 
most important, while its westward range appears to be determined 
by moisture conditions, of which the normal daily mean precipitation 
and the number of days in the longest normal dry period are the most 
important. The position of the isoclimatic lines for the moisture 
ratio, 7/E, would indicate that this compound factor is one of strong 
importance in determining both the southern and the western limits 
of this tree. 
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Fig. 51. Climatic extremes for Pinus strobus. 


Quercus alba (fig. 52).—This oak is found throughout the eastern 
United States, with the exception of northern Minnesota and Michigan 
and peninsular Florida. In keeping with its wide distribution it 
encounters a very wide range of practically all of the climatic condi- 
tions, exceeding in a number of cases the extremes for the Deciduous 
Forest region, in which it finds its greatest development. The nar- 
rowest amplitudes for Quercus alba are those of the number of days in 
the longest normal dry period, the normal mean relative humidity of 
the frostless season, and the moisture ratios. The first and last of these 
conditions appear to be responsible for the western limit of distribu- 
tion. This edge is roughly paralleled by the line for 25 days in the 
longest dry period and by the line for a value of 0.60 for the moisture 


544 CORRELATION OF DISTRIBUTIONAL FEATURES. 


ratio. Owing to the extension of the northern edge into Canada it is 
impossible to speak regarding its probable controls in that direction. 
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Fig. 52. Climatic extremes for Quercus alba. 


Quercus falcata (fig. 53).—This tree is found throughout the Atlantic 
Coastal Plain and the southern Mississippi Valley, reaching its greatest 
abundance in the Southeastern Mesophytic Evergreen Forest, but ex- 
tending well into the Deciduous Forestregion. Itencountersextremely 
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Fia. 53. Climatic extremes for Quercus falcata. 
wide amplitudes of all but one of the temperature conditions here 
dealt. with, and its diminishing occurrence in southern Florida is 
coincident with the maximum values for these conditions. This is one 
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of the cases already mentioned in which the southernmost limit of 
plants in Florida is not well known, so that it is impossible to state 
just how far Quercus falcata may fall short of extending into the region 
of the temperature conditions represented by Key West. The one 
temperature condition for which Quercus falcata shows a narrow ampli- 
tude is the number of cold days, due to the fact that its range barely 
extends into the region in which any cold days are experienced. 

The moisture conditions in the area of this oak are very similar to 
those of the Southeastern Evergreen Forest, except in the case of the 
number of days in the longest normal dry period. While the Evergreen 
Forest withstands a maximum of 182 days (the reading for Key West), 
Quercus falcata has its maximum at 63 days, at the southwestern edge 
of its range. The normal dry period, the moisture ratios, and the 
relative humidity of the frostless season appear to be important con- 
ditions for the limitation of Quercus falcata. Its distributional area 
may be defined as the region in which the frostless season is more than 
180 days in length, the moisture ratio greater than 0.80, the humidity 
greater than 70 per cent, the normal number of cold days in the year 
less than 30, and the number of days in the longest normal dry period 
not more than 63. 

Quercus macrocarpa (fig. 54).—The area occupied by this oak covers 
the Northeastern States, omitting the Coastal Plain, and extends as 
far west as eastern Montana and central Oklahoma. Its southern 
limit is roughly coincident with the northern limit of Quercus falcata, 
and its northern limit is in Canada. Quercus macrocarpa is like Q. 
alba in exhibiting broad amplitudes for nearly all of the climatic condi- 
tions. It encounters approximately the lower half of the scale of 
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Fic. 54. Climatic extremes for Quercus macrocarpa. 
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amplitudes of temperature conditions for the United States, but 
reaches areas with the maximum number of cold days. One of the 
narrowest amplitudes among the moisture conditions is found in the 
case of the number of days in the longest normal dry period, for which 
the extreme values are 9 and 88 days. A previous allusion was made to 
the western limit of this tree as showing the manner in which wholly 
distinct conditions cooperate in controlling the ranges of plants. It 
will be seen by a comparison of plate 52 (dry days) with plate 18 (dis- 
tribution of Quercus macrovarpa) that the longest dry period encoun- 
tered at the western edge of this tree in Oklahoma is less than 50 days, 
whereas the maximum number encountered near the Canadian 
boundary is 88 days. The potence of this moisture condition is evi- 
dently modified by the differences in temperature conditions which are 
encountered along the western limit of the tree. The values of the 
moisture ratio (r/E) encountered in Oklahoma are about 0.60 and 
those encountered in Montana are about 0.40. An ability on the part 
of Quercus macrocarpa to withstand the same values for these two con- 
ditions in the latitude of Oklahoma that it does in Montana would 
carry the tree to the eastern borders of New Mexico with respect to the 
moisture ratio, and well into the borders of that State with respect to 
the longest dry period. These two conditions, as modified in their 
influence by temperature conditions, may be regarded as setting the 
limit of the westernmost occurrences of this oak, which (like the 
western limits of so many deciduous trees) are to be found in alluvial 
bottoms characterized by moisture conditions which are higher than 
those of the adjacent upland. 

The southern limit of Quercus macrocarpa corresponds roughly with 
the isotherm of 120 hot days (see plate 36), and this condition, possibly 
in conjunction with closely related conditions, may be regarded as 
probably controlling the southern edge of the distributional area. The 
mean temperature of the hottest 6 weeks is apparently one of the most 
important of these related conditions, as the isotherm of 78.8° lies near 
the southern limit (see fig. 45). 

Ilex opaca (fig. 55).—The occurrence of this Ilex is rather closely 
confined to the Atlantic Coastal Plain throughout all but a small part 
of its range, where it extends into the Piedmont and mountain sections 
of Georgia, Alabama, and Tennessee. This range is characterized by 
wide amplitudes of the temperature conditions, reaching the maximum 
values in all cases except the number of cold days. With respect to the 
latter condition, the amplitude is relatively narrow and the maximum 
is 55 days, encountered only at the northernmost attenuated limit of 
occurrence, in Massachusetts. 

_ The moisture conditions for the area of Ilex are nearly those of the 
Southeastern Mesophytic Evergreen Forest, the amplitudes being 
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wide in all cases except the imperfectly determined mean annual pre- 
cipitation. Although this plant encounters a wide range of the condi- 
tions expressed in the moisture-temperature index, there is still a close 
correspondence between its limit and the isoclimatic line of 11,000 for 
this index. At the localities where it occurs in southern Tilinois and 
Indiana it encounters index values of only 7,000, and at its northern 
limit in Massachusetts it encounters its minimum value of 5,193. 

Numerous isoclimatic lines have such a direction as to indicate that 
there are belts of relatively similar climatic conditions extending 
parallel to the Atlantic coast for long distances (see plates 46, 50, 53, 
59, 65, and 72). The conditions of the southern part of the Missis- 
sippi Valley, which is technically a part of the Coastal Plain, are almost 
always different from those of the coastal strip of this physiographic 
province. Numerous plants occur throughout the Coastal Plain from 
New Jersey or Virginia to Georgia or Mississippi, but fail to range 
coextensively with it in the southern Mississippi Valley, and terminate 
their distribution before reaching the mouth of the Rio Grande. Ilex 
opaca, Pinus teda, Itea virginica, and Quercus falcata are all examples 
of this type of distribution. In all of these cases we undoubtedly have 
to do with three sets of limiting conditions; those operating in the 
Atlantic coast region, those in the Mississippi Valley, and those deter- 
mining the extreme southern limit in Texas. In at least the first of 
these regions we have to reckon with the modifications of climatic 
conditions which are due to the soil. 
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Fic. 55. Climatic extremes for Ilex opaca. 


548 CORRELATION OF DISTRIBUTIONAL FEATURES. 


Magnolia grandiflora (fig. 56).—The distribution of this magnolia 
covers only the portion of the Coastal Plain between Cape Fear and 
the Trinity River, and south of the northern boundary of Louisiana. 
This is a region with no cold days, in our sense, and with high ranges 
for all of the temperature conditions studied. It is also a region with 
a high normal daily mean precipitation, although the amplitude of 
this condition is not great. The amplitude in number of days of both 
the wet and the dry periods is very wide, and those of evaporation, 
humidity, and the moisture ratios are narrow. 

The range of Magnolia is remarkable from the fact that its limit 
corresponds with a large number of isoclimatic lines, giving the follow- 
ing indications regarding the conditions which it encounters: a frostless 
season of 240 days or more, a normal daily mean temperature of 45° 
or more for the coldest 14 days of the year, an annual mean temperature 
of 65° or more, a mean relative humidity in the frostless season of 65 
per cent or more, and a value for the moisture-temperature index of 
15,000 or more. None of the isoclimatic lines for moisture conditions 
coincide, even roughly, with the limit of Magnolia, although the 
narrow amplitudes of evaporation, moisture ratios, and humidity 
indicate that this tree encounters only a small part of the total range 
of these conditions for the United States. The limit of Magnolia 
corresponds rather closely with the line to the south of which are found 
5 or more species of evergreen broad-leaved trees (see plate 3), and the 
climatic characteristics Just mentioned may be taken as defining the 
region which is favorable for the abundant occurrence of trees of this 
type. 
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Fic. 56. Climatic extremes for Magnolia grandiflora. 
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Serenoa serrulata (fig. 57).—Only the extreme edge of the southern 
Atlantic Coastal Plain is occupied by this palm, from southern South 
Carolina to the eastern border of Texas. It occupies the warmest and 
moistest portion of the area which has just been stated to be favorable 
for the development of evergreen broad-leaved trees, with which it 
may be classed. Considering the small area occupied by Serenoa, it 
encounters a wide range of conditions in both temperature and pre- 
cipitation, together with narrow ranges of evaporation, humidity, and 
the moisture ratios. It encounters a frostless season of 231 days or 
more and no cold days, in our sense. Its limit coincides closely with 
the line of 50° for the normal mean temperature of the coldest 14 days 
of the year, although the palm does not follow the region of these tem- 
perature conditions into southern Texas.’ The encountering of the 
conditions expressed by a moisture ratio of 1.00 appears to be respon- 
sible for the westward limitation of a plant which is elsewhere con- 
trolled by temperature conditions. 
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Fic. 57. Climatic extremes for Serenoa serrulata. 


Cephalanthus occidentalis (fig. 58).—The distribution of Cepha- 
lanthus is remarkable from the fact that it is one of the very few woody 
perennials of the southern United States which has a nearly trans- 
continental distribution. It is very infrequent west of the one-hun- 
dredth meridian, apparently being absent from New Mexico, but 
appearing again in southern Arizona and in the San J oaquin Valley of 
California. A‘distribution which is so extensive both latitudinally and 
longitudinally naturally encounters a wide amplitude of conditions, 
both with respect to temperature and moisture. None of the ampli- 
tudes of conditions for Cephalanthus are sufficiently narrow to give any 
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suggestion of their importance as limiting the plant. Its distributional 
edge, extending from central Michigan to the mouth of the Colorado 
River, is 2,300 miles in length, which in itself suggests that very dis- 
similar constellations of conditions are involved in its limitation in 
different sections of this line. Ina plant of palustrine habitat it is not 
surprising to find that the normal moisture conditions of upland 
habitats have no apparent importance. We find Cephalanthus occur- 
ring in localities where the moisture ratios approach their minimum 
values for the United States, and extending from there halfway through 
the gamut of values for this compound condition. It also encounters 
extremely low values for the normal daily precipitation and high 
values for the number of days in the longest dry periods. These con- 
ditions, however, have no apparent influence on the plant in the 
habitats where it occurs, although they are probably responsible for 
the fact that there are very few favorable habitats for it in the localities 
where these extremes are registered. In the San Joaquin Valley the 
atmospheric conditions are extremely arid, but there are numerous 
areas of moist soil, and Cephalanthus is there abundant. It is by no 
means true that all palustrine or swamp plants are able to withstand 
extremely arid atmospheric conditions if they are supplied with an 
abundance of soil-moisture, and only a relatively small number of the 
plants associated with Cephalanthus in the southeastern United States 
are found growing with it in southern Arizona and the San Joaquin 
Valley. 

It is in the eastern half of its range that Cephalanthus encounters 
the greatest amplitude of temperature conditions. It is there found 
in localities with no hot days, as many as 137 cold days, where the 
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physiological summation is as low as 2,100, and where the normal 
daily mean of the coldest 14 days of the year reaches 11°. Some of 
these conditions may, indeed, be exceeded at the extreme limit of this 
plant in Canada. 

Much more complete information regarding Cephalanthus will be 
needed before it is possible even so much as to suggest some of the 
conditions that may be keeping it from spreading into other parts of 
the United States, if indeed it is not now making secular movements 
to the west and north. A knowledge of its relative abundance in 
different parts of its area and of the character of the habitats which it 
occupies throughout the edge of its distribution might aid in solving 
the problem which it presents. It seems to be a plant that would be 
well worthy of a thorough ecological study. 

Decodon verticillatus (fig. 59).—This is an aquatic or palustrine shrub 
found throughout the States east of Wisconsin, Missouri, and Louisi- 
ana, with the exception of southern Florida. The temperature condi- 
tions which it encounters are almost as wide in amplitude as those 
encountered by Cephalanthus. The amplitudes of the moisture condi- 
tions are somewhat narrower than in the case of that plant, but the 
only condition that can be regarded as having a significantly narrow 
amplitude is the number of days in the longest dry period, which 
reaches 2 maximum value of 78 days. The isoclimatic lines for the 
latter condition indicate that the area of Decodon is roughly limited 
by the line for 25 days in the longest dry period. Another line approxi- 
mating the limit of Decodon is that for a mean annual precipitation of 
30 inches, the distribution of the plant extending over the region in 
which the rainfall is greater than that amount. 
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The palustrine and semipalustrine shrub [tea virginica (see plate 23) 
has a more restricted range than Decodon, very similar in its general 
outlines to that of Ilex opaca, and apparently limited, like the latter, 
by high values for temperature and moisture conditions. 

Artemisia tridentata (fig. 60).—This plant is the dominant element of 
the vegetation of the Great Basin, and it extends in diminished abun- 
dance eastward to the edge of the Great Plains, upward into the moun- 
tains, southward to northern New Mexico and Arizona, and still more 
sparingly into southern California. The map of its distribution 
(plate 22) is not drawn to indicate the mountain areas from which it is 
absent. When these breaks in the distribution are taken into account 
the shrub is found to occupy an area whichis much more homogenous 
in its climatic conditions than its wide extent would seem to indicate. 
The amplitude for Artemisia is wide with respect to the number of 
days in the average frostless season, the number of cold days in the 
year, the normal daily mean for the coldest 14 days, and the normal 
daily mean for the year. With respect to the number of hot days and 
the physiological summation of temperature the amplitudes are nar- 
row, however. The precipitation conditions also exhibit narrow ampli- 
tudes, with the exception of the number of days in the longest dry 
period. The amplitude of evaporation and humidity conditions is 
made to appear wide because of the extension of its area to the Pacific 
coast, where the plant is extremely rare, its most westward abundant 
occurrence being in the Cuyamaca Mountains, 40 miles from the coast. 
The values for the moisture ratios exhibit narrow amplitudes, reaching, 
in two cases, the lowest values for the country. 

It is manifest that the southern limitation of Artemisia is not solely 
a matter of its inability to withstand extremely arid conditions, since 
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it encounters the lowest normal daily mean precipitation (Reno, 
Nevada), the highest evaporation (Winnemucca, Nevada), and the 
lowest moisture ratio (Winnemucca, Nevada). The most trying con- 
ditions with respect to these three important moisture conditions are, 
therefore, not found near the southern edge of the distribution of 
Artemisia, but well within the region of its greatest abundance. The 
narrow amplitude of the number of hot days suggests that this may be 
a condition of importance in limiting this plant at the south, and the 
maximum of 118 hot days for its area is close to the value of the 
isoclimatic line of 120 days, which is seen to approximate the dis- 
tributional limit in Arizona and Nevada. The amplitude of the 
physiological summation of temperature is also narrow, and the maxi- 
mum value encountered by Artemisia is 8,400. The evidence would 
indicate that these and associated temperature conditions are respon- 
sible for the southern limit, or else that they cooperate with the low 
moisture conditions in rendering the deserts along the lower Colorado 
and Gila Rivers untenable for this plant. 

The eastern limit of Artemisia appears to be set by some of the 
several moisture conditions which present isoclimatic lines closely 
paralleling its course. The indications of these correlations are that 
the plant nowhere encounters a mean annual rainfall of more than 20 
inches, reaches no areas in which the longest normal rainy period is 
more than 25 days, nor the moisture ratio more than 0.40, and that it 
is accustomed to normal longest dry periods of at least 75 days in 
length. 

It is more than probable that the northern limit of Artemisia is set 
by conditions similar to those that appear to be responsible for its 
eastern boundary, with the possible cooperation of low temperature 
conditions. Low temperatures accompanied by arid atmospheric 
conditions appear to permit the northward extension of the plant into 
Canada, but low temperatures accompanied by more humid conditions 
appear to keep it from the northern Rockies and the Coast Range, as 
well as from the higher slopes of the Sierra Nevada. 

Covillea tridentata (fig. 61).—The range of Covillea extends from 
southern Nevada and interior California through southern Arizona 
and New Mexico to the lower part of the valley of the Rio Grande. 
The area which it occupies in the United States is less than half of its 
total range in North America, which extends southward through the 
deserts of central Mexico. 

No cold days, in our sense, are encountered by Covillea, and the 
amplitude of the normal daily mean temperature of its area is rela- 
tively wide. In other respects the temperature conditions present nar- 
row amplitudes, especially when compared with those for Artemisia. 
The data for moisture conditions reveal the extremely arid conditions 
under which Covillea exists, showing that it also extends into regions 
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with much more favorable conditions, particularly with respect to the 
longest dry periods, daily mean evaporation, and normal humidity. 
The distributional area of this plant contains few climatological sta- 
tions, and it is certain that the conditions actually met by it include 
the lowest values of normal daily mean precipitation, the longest 
normal dry periods, and the lowest mean total precipitation o _the 
year. Inthe vicinity of Death Valley and in the arm of the Mojave 
Desert which stretches southeast toward the Colorado River are to be 
encountered the most arid areas in the United States, and in them 
Covillea is one of the most ubiquitous plants. 

The narrow amplitude of the moisture ratios indicates here, as in 
the case of Artemisia, that conditions of greater general favorableness 
with respect to this condition are either directly inimical to Covillea, 
or else that they are accompanied by associated conditions which are 
of importance in limiting its range. The extremely narrow amplitude 
in number of days in the longest rainy period signifies that there is a 
great importance in this factor, probably having to do with the effect 
of prolonged wet periods in making the conditions of soil aeration 
injurious to Covillea. The distributional boundary lies close to the 
northern limit of the area in which there are no cold days, and this 
condition, with its associated conditions of low winter temperatures, 
is undoubtedly of great importance in controlling the northward 
limitation of the plant. Covillea appears, in brief, to be confined to a 
region in which there are no prolonged periods of rain and no severe 
periods of cold. The narrow amplitude of the physiological summation 
of temperatures for the frostless season indicates importance for this 
condition, but the fact that Covillea is an evergreen points to the low 
temperatures of winter having a greater significance in its limitation 
than do the summations for the growing season. 
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Suphium laciniatum (fig. 62).—The range of this plant extends 
from Texas to South Dakota and from Alabama to Pennsylvania, 
but itis mostabundant in the Grassland Deciduous-Forest Transition 
and in the Grassland. The distributional area is such that the plant 
encounters only 140 cold days in the frostless season. The amplitudes 
are relatively wide in all of the temperature conditions and are also 
wide in all of the moisture conditions except the number of days in the 
longest normal dry period. The moisture ratios are also relatively 
narrow in amplitude, the extremes for 7/E in the frostless season being, 
minimum 0.47, maximum 1.32. 

The eastern limit of Silphiwm is very roughly approximated by the 
isoclimatic line of 0.80 for the moisture ratio 7/E, isotherms of 45° 
and 50° for the annual daily mean temperature, and is closely followed 
by the isotherm for a physiological summation of 7,500°. The western 
limit is closely approximated, at least in part, by the isoclimatic lines 
of 20 inches annual mean total precipitation, 75 days in the longest 
normal dry period, 25 days in the longest normal rainy period, and a 
moisture ratio of 0.40. Although the extreme values of the moisture 
ratio for Silphium are 0.47 and 1.32, nevertheless the location of its 
entire range with respect to the isoclimatic lines for this condition 
indicates that the plant is found mainly where the moisture ratio is 
between 0.40 and 0.80. The northward extension in the area pre- 
senting this range of conditions-is apparently controlled by tem- 
perature conditions, among which the physiological summation is 
most important. 

The central location of the range of Silphium laciniatum gives it a 
distributional edge about 3,300 miles long, with only its southern 
limitation formed by the ocean. These circumstances make it a par- 
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ticularly favorable subject for fuller investigation. Its ability to with- 
stand a considerable range of temperature conditions between Missis- 
sippi and South Dakota and its ability to range through dissimilar 
moisture conditions from Ohio to Texas should be investigated in terms 
of the habitat requirements of the plant in the various portions of its 
range. From such information as is available, this plant seems to be 
confined to the most arid situations on the eastern edge of its area 
and to relatively moist situations or seasons on the western edge, so 
that it would be particularly valuable to have parallel series of data 
for the local conditions met by the most widely separated colonies. 

Bouteloua oligostachya (fig. 63).—This abundant and characteristic 
grass of the Great Plains is found throughout the Grassland, in the 
western part of the Grassland Deciduous-Forest Transition, and in the 
southeastern part of the Desert. It is most abundant in the Grassland 
and the Desert-Grassland Transition, becoming infrequent at the 
southeastern and southwestern corners of its area. 

The temperature conditions encountered by Boutelowa are those of 
the Grassland, but with slightly higher maxima in each case (except 
number of cold days). The amplitude of the precipitation conditions 
is much greater for Boutelowa than for the Grassland, the maxima 
being higher and the minima lower. With respect to the length of the 
longest normal dry period particularly, Bouwteloua exhibits its ability 
to range from the conditions of the Grassland far into those of the 
Desert, enduring 283 days in the vicinity of Phoenix, Arizona. Like 
many other perennial grasses, it is able to withstand prolonged and 
severe conditions of drought in its resting condition and to take advan- 
tage of moist periods of relative infrequency. 
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The minimum conditions of evaporation and the maximum condi- 
tions of humidity are very similar for Bouteloua and the Grassland 
region, indicating that conditions which determine the eastern limit 
of the Grassland also limit one of its most characteristic plants, and 
this is also true of Bulbilis dactyloides and Bouteloua hirsuta. The 
maximum conditions of evaporation and the minimum conditions of 
humidity, however, are respectively higher and lower for Bouteloua 
than for the Grassland. The moisture ratios for the frostless season 
are very similar for this plant and for the Grassland as a whole, although 
the minimum values for Bouteloua are lower. 

The eastern limit of Boutelowa, like that of many of the grasses 
associated with it, is apparently set by some one of the moisture con- 
ditions, or by a combined operation of several of them. Neither the 
area of Grassland nor that of Bouteloua extends very far into the 
region with more than a daily mean precipitation of 0.100 inch with 
more than 75 days in the longest rainy period, or with a mean annual 
precipitation of more than 25 inches. The position of the western 
boundary of Boutelowa indicates that it is there again limited by mois- 
ture conditions. Although we have presented no data bearing directly 
on the seasonal distribution of precipitation, it is apparent that this 
grass is unable to penetrate far into the portion of the Desert, in which 
the summer rainfall is light. The ability to withstand dry periods of 
as much as 283 days has enabled it to range as far as the area of uncer- 
tain summer rains in the lower Colorado Valley. It is not able, how- 
ever, to extend its area into the region in which there is frequently 
no summer rain for many successive years. 

Agropyron spicatum (fig. 64).—This grass is found throughout the 
Grassland north of Oklahoma and New Mexico and in the outlying 
portions of that vegetation which fringe the northern edge of the Great 
Basin Microphyll Desert. Although withstanding the entire amplitude 
of cold days this grass encounters lower and narrower amplitudes of 
the other temperature conditions. It has a relatively low maximum 
(125) for the number of hot days and a low maximum (11,600) for the 
physiological temperature summation. With respect to precipitation 
it shows wider amplitudes than those of the Grassland, and this is 
true of evaporation and the moisture ratios for the frostless season. 

Agropyron appears to have its eastern limit set by the same con- 
stellation of moisture conditions that controls the Grassland and other 
grasses, but it does not follow the conditions favoring Grassland as far 
as the southern limit of that vegetation. Nowhere does it encounter 
more than 100 to 120 hot days, nor does it range into regions with a 
physiological summation of temperature greater than 12,500. These 
and associated temperature conditions appear to be responsible for its 


southern limitation. 
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The failure of Agropyron to extend farther into the northern part of 
the Great Basin Desert is apparently due to the moisture conditions 
of that region. A more precise correlation of its distribution with that 
of the moisture ratio (r/E) would probably show that it does not 
occur where the values of this ratio are lower than 0.20, the same value 
that limits it in Arizona and New Mexico. The actual moisture-ratio 
conditions of the areas occupied by Agropyron in Utah and northern 
Nevada are poorly exhibited by our data, which are from stations 
located in the valleys. 


TemPematune 


Oave in Norma Frostiess Stason (F. S) a | 


Hor Davs, F. S. —k——~—~—~—~—~——=zSCCCCSSS 

Cato Dars, F. S. EL IS TA SI EEN A 

Puvsiovocicat Summation, F. S. Oe 

Norma Daity MEAN, coLoesT 14 cays oF Yon ET 

oAmAL Daly Mean, Year Pn  , —ee) 
PRECIPITATION 

Normat Daity Mean, F. S. PO 


Days IN LONGEST NORMAL Rainy PeRi0d, F.S. ey 
Days IN LONGEST NORMAL Day Perioo, F.S. 0 (ee 


Mean Torat, Year eee =] 
Evaronation 

Daity Mean, 1887-8, F. S. Eres) 
Moisture Ratios 

Norma P/E, F, S. OO eee Se 

Normat 7/E, F. S. ESSE a2 SE esd 

Normat P/E, Yean Seas SESE I ' 
Humioity 

Normat Mean, F. S. eee) 
SunsHine 

Nonmat Daicy Duration, F. S. ————_—_—~—__srt“‘“‘(CD|!:!C:C:C:C!C!CLC!™CUCUCUCU™!™U™TTTTTTTTTTTTCTCTTTCUMYS 


MoisTURE-TEMPERATURE INDICES 


Normat P/E x T, F.S., Pxysio.ocica, Metxoo (CS 


Fic. 64. Climatic extremes for Agropyron spicatum. 


Hilaria jamesis (fig. 65).—This is a characteristic grass of the Desert- 
Grassland Transition region, ranging from western Texas to southern 
Nevada and northward to extreme southwestern Wyoming. All of 
the climatic conditions exhibit narrower amplitudes for Hilaria than 
for the Grassland, with the exception of the number of days in the 
longest normal dry period. The narrowest amplitude among the 
temperature conditions is that of the normal daily mean for the coldest 
14 days of the year, which ranges from 27° to 45°. At few points does 
the limit of Hilaria extend north of the isoclimatic line for 25° as the 
daily mean of the coldest fortnight, and the correspondence of these 
lines would indicate that this condition is an important one in limiting 
the northward distribution of the grass. 

The eastward extension of Hilaria in Texas is such that it nowhere 
encounters moisture ratios (r/E) higher than 0.40, nor rainy periods 
of more than 25 days. These are the same conditions that appear to 
limit the eastward range of other grasses, but different intensities are 


involved in the case of Hilaria from those mentioned in connection 
with Bouteloua. . 
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With respect to the westward range of Hilaria, it appears that the 
same limiting conditions are operative that have been mentioned in 
connection with Bouteloua oligostachya. Extremely long normal dry 
periods, in excess of the 250-day maximum for Hilaria, are inimical to 
1t as to all other perennial grasses. 
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Sparganium americanum (fig. 66).—Sparganium is widely distributed 
throughout the eastern United States, except in peninsular Florida, 
and from its westward extension in Canada it reappears within our 
limits in Washington. A considerable number of northern plants 
exhibit distributions of this type, Dulichiwm arundinaceum being 
another example (see plate 27), with a range closely like that of Spar- 
ganium. The range of another palustrine plant, Siwm cicutefolium, 
is of an analogous character (see plate 28), its limits being far enough 
south, however, for it to present a continuous area within the United 
States. The distribution of each of these palustrine plants is such that 
they are absent from the arid and semiarid regions, where they might 
find localities with suitable soil-moisture conditions, although much 
more widely separated than in the moist regions. The western edges 
of the ranges of Sparganiwm and Dulichium in the Eastern States run 
parallel to the isoclimatic lines for moisture conditions. Although 
these are plants of wet habitats, there is here a suggestion of their 
inability to extend into the regions with very high evaporation. In 
other words, the conditions expressed by the moisture ratio are of 
- importance to them even when the numerator of the ratio is constant 
and of high value. Their ability to withstand lower moisture ratios in 
eastern Washington than they endure along their western edge in the 
Central States is doubtless due to the interaction of temperature con- 


ditions. 
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Wide ranges are exhibited by Sparganium for both temperature and 
moisture conditions, due to its extended north-and-south range in the 
Eastern States, and to its occurrence from the Atlantic coast to the 
arid interior of Washington. Its climatic extremes are of interest in 
comparison with those of Sium, which shows the broadest amplitudes 
of any of the plants that we have selected for investigation. The dis- 
tribution of Siwm indicates that it is able to withstand the entire 
gamut of temperature conditions for the United States, excepting those 
encountered in peninsular Florida, and that it is excluded only by the 
lowest conditions expressed by the moisture ratio ( 0.40 or lower). 
Sium, Dulichium, and Sparganium are apparently alike in being unable 
to withstand the highest intensities of evaporation, in spite of the 
saturated substrata in which they are invariably found, apparently 
belonging to that already well-known group of plants in which the 
transfer of water from absorbing to transpiring organs is internally 
limited. 
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Fic. 66. Climatic extremes for Sparganium americanum. 


Arceuthobium americanum (fig. 67).—This mistletoe is found 
throughout the Rocky Mountains and the mountains of the Great 
Basin and its western edge. Its actual occurrence is limited to the 
forested portions of the area indicated for it in plate 29 (see plate 1). 
A number of the climatological stations located within the area credited 
to it are not in situations actually occupied by Arceuthobium, and 
consequently some of the moisture conditions, in particular, are higher 
than indicated in figure 67. 

Arceuthobium americanum is chiefly confined to Pinus contorta 
(including P. murrayana) as a host, but appears to be absent from it 
in Washington, Oregon, and»California east of the Cascade Mountains. 
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The area of Arceuthobium is therefore closely similar to that of Pinus 
contorta, with the exception of its absence from the northern Pacific 
coast. The area of the mistletoe (plate 29) has been drawn in a more 
generalized manner than has that of Pinus contorta (plate 16), because 
less information is available regarding the occurrence of the former. 
The climatic extremes for Arceuthobium are very similar to those for 
Pinus contorta, except with respect to the high conditions of precipita- 
tion, moisture ratios, and humidity encountered by the host in the 
Pacific-coast part of its range. This is a case in which a sap parasite 
is not able to accompany its host throughout the entire range of the 
latter, apparently as a result of the operation of limiting climatic con- 
ditions upon the parasite. The well-known xerophytic character of 
the mistletoes apparently brings their distributional behavior into 
accordance with that of other xerophytic plants in their inability to 
invade regions of high moisture conditions. The only mistletoe that is 
found in Washington west of the Cascade Mountains is a locally abun- 
dant form of Arceuthobium douglasw growing on T'suga heterophylla. 
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Fig. 67. Climatic extremes for Arceuthobium americanum 


Phoradendron flavescens (fig. 68).—A remarkably wide range is 
exhibited by this plant and its varieties, extending from coastal Oregon, 
through California and the extreme southwest, to Texas, Florida, 
Indiana, and New Jersey. The species itself is found from New Jersey 
to Louisiana, variety orbiculatum in Arkansas, Oklahoma, and Texas, 
variety pubescens in Texas, variety macrophyllum in Arizona, and 
variety villoswm in California and Oregon. nds 

Both the species and the varieties of this mistletoe are found on a 
number of different host trees, so there is no such restriction of its 
range as that shown for Arceuthobium americanum. Little is known 
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regarding the water-supply of sap parasites and the relation between 
the seasonal conditions of the host and the maintenance of the tran- 
spiration-stream in the parasite. It is safe to assume, however, that 
the water-supply for mistletoe is not subject to as sharp nor as pro- 
nounced fluctuations as that of most autonomous plants rooted in the 
soil. The influence of precipitation and soil-moisture conditions is 
exerted very indirectly on the mistletoes, and we may regard them, 
for the purposes of our investigation, as somewhat analogous to palus- 
trine plants. 

Phoradendron encounters wide ranges of all temperature conditions, 
except in regard to the number of cold days. The wide range of mois- 
ture conditions which it meets is to be anticipated from its independ- 
ence of these conditions as they affect autonomous plants. The 
extremely wide amplitudes of evaporation conditions through which 
it ranges apparently indicate that it is able to secure supplies of water 
sufficient for the maintenance of high rates of transpiration. In the 
most arid parts of its range, however, Phoradendron flavescens var. 
macrophyllum is found only on trees that occur in relatively moist 
situations, and not on the small microphyllous trees, in which the 
maintenance of the transpiration-stream is precarious. 

The temperature condition which appears to be most potent in 
limiting the range of Phoradendron is the number of cold days. A very 
small part of its area lies inside the region in which cold days are 
encountered, and in this part (the Ohio Valley) it reaches the maximum 
of 44 days for this condition. 
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Fig. 68. Climatic extremes for Phoradendron flavescens. 


Daucus pusillus (fig. 69).—This annual herbaceous plant ranges 
from the coastal region of Washington and Oregon through California 
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and the extreme Southwest to Oklahoma, Mississippi, Florida, and 
North Carolina (see plate 31). 

The relation of Daucus to the climatic conditions of its wide range 
requires interpretation in terms of its seasonal behavior in different 
sections of the range. In the States east of Texas it is an early summer 
plant, reaching maturity in July or later; in the Desert region it is an 
early spring plant, reaching maturity in March or April; on the Pacific 
coast it is a late spring or early summer plant, reaching maturity from 
May (in southern California) to July (in Washington). In order to 
evaluate properly the conditions under which it actually lives in these 
sections of its range, we should take into account only those climato- 
logical values in each section that refer to the period of its activity. A 
separate investigation of Daucus and other plants of the same facul- 
tative seasonal habits would yield results of great value. The wide 
amplitudes of moisture conditions shown in figure 69 would thus 
doubtless be greatly narrowed and the temperature amplitudes would 
be made somewhat narrower also. Whereas this plant appears at first 
to encounter a remarkable gamut of conditions through its range, 
nearly 4,000 miles in length, a study of the conditions in its particular 
seasons and in the habitats which it occupies would undoubtedly show 
that it grows only under a relatively limited set of conditions. 

The northern (and eastern) limit of Daucus follows certain of the 
isothermal lines so closely as to indicate that its controlling conditions 
are to be looked for in the temperature series. The danger of attempt- 
ing a final explanation of distributional limits by correlational methods 
alone is shown very clearly in the case of this plant. The distributional 
limit is closely parallel to the line for a length of growing-season of 240 
days, but the length of this season is obviously of no direct importance 
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Fig. 69. Climatic extremes for Daucus pusillus. 
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to an annual plant which uses only a portion of the season in any part 
of its range. There is also a close correspondence between the dis- 
tributional limit of Daucus and the line for a daily mean temperature 
of 40° for the coldest 14 days of the year, but here again there is 
obviously no significance for this plant in the temperatures that super- 
vene while the entire race is represented only by seeds. There is 
nevertheless a parallelism between the different phases of any climatic 
condition, as has been remarked before, and this may well mean that 
there are other indices of temperature conditions critical for Daucus 
which have not been elaborated in our work, and the isotherms for 
these may be parallel to the ones mentioned above. It may also be 
true that there is an unsuspected importance for this plant in the 
length of the total frostless season and in the low temperatures of 
winter. 

Spermolepis echinatus and Parietaria debilis have ranges which are 
similar to that of Daucus, although not so extended either to the 
northwest or the east. These plants are also annuals which have 
different seasonal habits in the different sections of their areas, and the 
remarks made about Daucus will apply also to their relation to climatic 
conditions. 

Oxybaphus floribundus (fig. 70).—This herbaceous root-perennial 
ranges throughout the central United States between the Deciduous 
Forest region and the Rocky Mountains and north of central Texas. 
It encounters the entire amplitude for the country, of cold days, and 
relatively wide amplitudes of the other conditions, both of temperature 
and moisture. The narrowest amplitude is that of the moisture ratio 
(r/E), which ranges from 0.25 to 0.89. 
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Fie. 70. Climatic extremes for Oxybaphus floribundus. 
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The area of Oxybaphus is somewhat similar to that of Stlphium 
laciniatum with respect to eastern and western limits, but the latter 
plant is definitely limited at the north, failing to reach the Canadian 
boundary, while Oxybaphus is limited at the south, failing to reach the 
Gulf coast. The eastern and western limits of Oxybaphus, like those 
of Stlphium, appear to be set by definite constellations of moisture 
conditions, while the southern limit must apparently be sought in the 
temperature conditions. 

The western edge of the distribution of Oxybaphus is set by the lines 
for dry periods of 75 to 125 days, according to the latitude, and nowhere 
does this plant enter regions with a moisture ratio of less than 0.20. 
Its eastern limit is like that of Solidago missouriensis (see plate 25), in 
being located along the western boundary of the Deciduous Forest 
more nearly than along any of the climatic lines. The actual ecological 
conditions for these plants of the open prairies are more radically 
changed on passing from the Grassland Deciduous-Forest region into 
the Deciduous Forest than the data of ordinary climatological stations 
are capable of showing. A normal mean relative humidity above 70 
per cent and rainy periods of more than 100 to 125 days doubtless serve 
as limiting intensities of important conditions for these plants in a 
much more precise manner than is indicated by the positions of the 
isoclimatic lines as shown on our charts. 

At its southern edge Oxybaphus does not enter the regions with more 
than 200 to 240 days in the frostless season, does not encounter more 
than 180 hot days, and grows at no place with a physiological summa- 
tion of more than 17,500. 

_ Trautvetteria grandis (fig. 71) and Trautvetterva carolinensis (fig. 72).— 
These closely related species are the only North American representa- 
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Fic. 71. Climatic extremes for Trautvetteria grandis. 
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tives of a genus of Ranunculacee which is found elsewhere only in 
eastern Asia. They are herbaceous root-perennials of moist situa- 
tions, and neither of them is common nor characteristic of very exten- 
sive plant communities. The ranges of both the eastern and western 
species are based on a very small number of known localities of occur- 
rence, and are so broadly drawn that they comprise climatological 
stations near which the plants are doubtless absent. Here, as in many 
other cases, a much more detailed study should be given to the dis- 
tribution of the plants involved and to the nature of the climatic condi- 
tions before attempting to apply the methods of a general study of this 
character to an investigation of the climatic controls involved. It is, 
nevertheless, of interest to make even a broad comparison between 
the conditions under which these related but geographically segregated 
species exist. 

The amplitude of the climatic conditions for the area of Traut- 
vetteria grandis is wider than for that of 7. carolinensis in all cases 
except the number of hot days, physiological summation, and the 
number of days in the longest normal rainy period. The former 
species exhibits a very narrow range in number of hot days, from 0 on 
the coast of Washington to 57 at Sante Fe, New Mexico (near one of 
the southernmost stations for the plant in the Sante Fe Mountains). 
This condition appears to be an important one in determining the 
limits of the western species. T'rautvetteria carolinensis encounters 
from 63 to 160 hot days, and also has a relatively narrow amplitude of 
conditions with respect to the length of the frostless season, 145 to 
231 days. 

The amplitudes of the daily mean precipitation and of the mean 
annual precipitation are much narrower for Trautvetteria carolinensis 
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Fig. 72. Climatic extremes for Trautvetteria carolinensis. 
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than for the western species, but are comprised in the wide amplitudes 
of the latter. The amplitudes of the rainy periods and the dry periods, 
on the other hand, are such as to indicate that the two species have 
almost nothing in common with respect to these conditions. 

The occurrence of Trautvetteria grandis over both interior and coastal 
regions in the Northwest is responsible for wide amplitudes of evapora- 
tion, humidity, and moisture ratios, for all of which the amplitudes are 
narrow for the eastern species. Climatological data from such locali- 
ties as Helena, Boise, Walla Walla, and Spokane are not suited, 
however, to giving an accurate conception of the conditions for this 
plant. The moisture conditions of those stations are doubtless much 
more severe than those of the southernmost mountain localities for 
Trautvetteria grandis in New Mexico. Even though our graphs may 
indicate conditions of evaporation that are too high for Trautvetteria 
grandis and conditions of humidity and moisture ratio that are too 
low, there remains, nevertheless, a marked difference between the 
amplitudes of these conditions for the eastern and western species, 
since the low range of evaporation and the high range of humidity and 
moisture ratios are the conditions in which the western species is most 
abundant. In this case our climatological stations are located in the 
midst of the conditions in which it actually grows. 

The differences in the extremes and amplitudes of the principal 
climatic conditions for the two species of T’rautvetteria are sufficiently 
great to indicate that it would be difficult to grow either of them 
throughout the range of the other. The distinctive conditions under 
which the two species now grow, together with their complete geo- 
graphical segregation, must be taken to mean that they are neither 
recent nor immediate derivatives from a common ancestral stock. 

Populus balsamifera and Sapindus marginatus (fig. 73).—A ready 
comparison of climatic extremes for these two trees has been made 
possible by placing the blocks for the two on the same diagram. Sapin- 
dus is a tree of southern range, extending from central Texas and 
southern Kansas to Florida. Populus is a tree of northern range, 
extending from Connecticut to North Dakota, and through Canada to 
the northern Rocky Mountains, where it occurs in a form which has 
been recently regarded as a distinct species (see plate 19). ' 

Since the distributional areas of these two trees are quite separate 
and yet are nowhere less than 400 miles apart, it is not surprising that 
the ranges of temperature conditions are so unlike as to overlap only 
in the case of the length of the frostless season, where the maximum for 
Populus is slightly in excess of the minimum for Sapindus. The pre- 
cipitation conditions for these two trees are such that there is a con- 
siderable range of precipitation values common to both of them, 
although the extremes are by no means the same. The amplitudes of 
evaporation and humidity are much greater for Populus than for 
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Sapindus, but the values of all three of the moisture ratios are nearly 
the same. The amplitudes of sunshine duration do not overlap at all, 
and those of the moisture-temperature index are very dissimilar. 

The southern limit of Populus balsamifera and the northern limit of 
Sapindus marginatus have such a direction as to indicate that both 
trees are controlled by temperature. The edge of the area of the 
former corresponds closely to the line for 30 hot days in the normal 
year, although the tree extends far enough south to encounter 88 days 
at the edge of its range, at Toledo, Ohio. The area of Sapindus is 
limited in central Kansas by an average frostless season of slightly 
less than 180 days, by slightly more than 60 cold days, and by a physio- 
logical summation of 10,000. The position of the northern limit of 
Sapindus is so placed, however, as to indicate very clearly that its 
range is determined by the interaction of temperature and moisture 
conditions in such a manner as to require a detailed investigation based 
on a more accurate knowledge of the distribution of the tree than is 
yet available. The arid conditions of the Grassland and Desert regions 
apparently limit the western extension of both Populus and Sapindus. 
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Fic. 73. Climatic extremes for Populus balsamifera (shaded) and Sapindus marginatus (black) 


Cornus canadensis and Spermolepis echinatus (fig. 74).—These plants 
are examples of species with northern and southern transcontinental 
distributions, respectively, and their climatic extremes have been 
placed together in the same diagram for comparison. Cornus ranges 
from northern California and the Sierra Nevada through the Rocky 
Mountains and the Black Hills to the extreme Northeastern States, 
being nearly coextensive with the Northern Mesophytic Evergreen 
Forest (plate 30). Spermolepis ranges from central California through 
southern Arizona and western Texas to Arkansas, western Tennessee 
and western Florida (plate 31). 
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Wide amplitudes are exhibited by both of these plants for a number 
of the temperature conditions. Cornus shows a narrow amplitude for 
the number of hot days and the physiological temperature summation, 
and Spermolepis shows narrow ones for the number of cold days and 
for the annual daily mean temperature. The region with less than 60 
hot days coincides roughly with the area of Cornus, except in the Great 
Basin region, where the plant is absent. The isotherm for a physio- 
logical summation of 5,000 corresponds in a striking way with the 
limit of Cornus, from the Pacific to the Atlantic. Spermolepis nowhere 
encounters a daily mean temperature of less than 55°, and barely 
enters the region with cold days. These temperature conditions are 
manifestly the strongest determinants operating to limit the ranges of 
these two plants. 

Both of the plants under comparison exhibit wide ranges for all of 
the moisture conditions, and in most cases their amplitudes overlap 
to a considerable extent, or even show closely similar extremes. The 
moisture ratios for Spermolepis show much narrower amplitudes, and 
much lower maxima, than those for Cornus. The sunshine conditions 
are more nearly wholly dissimilar than any other condition, even than 
those of the temperature series. 

These plants are of particular interest as exhibiting the influence of 
temperature conditions in controlling the distribution of individual 
species. Such plants as these and Arenaria lateriflora, Parvetaria 
pennsylvanica, and others of transcontinental distribution are able to 
range through widely diversified conditions of precipitation, evapora- 
tion, humidity, and moisture ratio at the same time that they are 
strongly controlled by temperature conditions. 
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Fig. 74. Climatic extremes for Cornus canadensis (shaded) and Spermolepis echinatus (black). 
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Among such species of northern transcontinental range we find 
chiefly herbaceous and shrubby plants of the evergreen forests, while 
among those of southern range we find herbaceous plants of facultative 
seasonal habits, or else palustrine and aquatic forms. We see, there- 
fore, in each group a set of circumstances which apparently tend to 
equalize the moisture conditions for these plants—the northern species 
are subordinate associates of the evergreen forests; the southern species 
are active in different portions of the frostless season, according to the 
seasonal distribution of rainfall, or else they occupy perpetually moist 
situations. 


VI. CORRELATION OF VEGETATIONAL AREAS WITH GENERALIZED 
CLIMATIC PROVINCES. 


1. INTRODUCTORY. 


The generalized climatic provinces roughly defined from the results 
of our climatic studies should be of value in comparing the geographic 
distribution of vegetation with the distribution of different degrees of 
intensity and duration of climatic conditions throughout the country, 
and we have therefore carried out such comparisons between the vegeta- 
tion charts (plates 1 to 33) and the generalized climatic graphs of 
figures 18 to 28. Of course, it is not to be expected that any vegeta- 


tional area will be found to correspond perfectly with any climatic — 


area. Probably the only method by which close areal correlations 
may be attained lies in the employment of several climatic conditions, 
as in our two-dimensional systems of climatic provinces. A number of 
cases have been discovered, however, in which the correspondence 
between areas of plant distribution and simple climatic provinces is 
very good. The mention of these will be valuable in the formation of a 
conception of what sort of plants may be expected to occur in the 
various climatic provinces. Owing to the complexity of the conditions 
to be compared and to the varying degrees of precision with which the 
climatic zones can now be defined—as well as to our own limitations, 
no doubt—these correlations are but preliminary and very tentative. 
The first observation to be made in beginning these comparisons is 


one that might have been expected on general grounds, namely, that 
relatively few of the vegetational areas show any pronounced corre=__ 


spondence with any single climatic province, defined by whatever 
method. The second observation is perhaps a little surprising, after 
all, considering how crude are our climatic charts, namely, that a num- 
ber of good agreements have been found. As has been previously 
mentioned, it appears that correlations between moisture provinces 
and vegetational areas are more frequent than those between tempera- 
ture provinces and the same areas. This may perhaps be due to the 
fact that the range of moisture conditions in the United States is very 
great (from very arid to very humid), while the range of temperature 


Ue: 
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of conditions is relatively not nearly as great. If the humidity of our 

' most humid areas were to be increased (within the limits set by world 

« climate), little or no alteration in the vegetation would be expected. 
Nor would any great alteration in the vegetation of our most arid 
areas be expected from increased aridity, excepting that vegetation 
would finally be prohibited altogether. On the other hand, if the 
intensity or duration factor of the temperature conditions of our 
warmest provinces were increased, or if that of our coldest provinces 
were decreased, great changes in vegetation would be expected. Both 
north and south of the area of the United States the same humidity 
conditions are concomitant with very different vegetation characters, 
and this difference is to be related mainly or entirely to temperature 
differences. 

We present below some of the most definite cases of concomitancy, 
considering first the temperature provinces, then the moisture prov- 
inces, then the provinces based on the temperature-moisture product, 
and finally the two-dimensional provinces based on temperature and 
moisture. 

2. TEMPERATURE PROVINCES. 


Two charts of temperature provinces have been employed for these 
comparisons, the one based on the average frostless season (plate 34) 
and the one based on physiological summation indices (plate 40). It 
will be convenient to consider the comparisons in the order of the 
vegetation features as these have been presented in plates 1 to 33. 

As has been mentioned several times, there is no primary correlation 
between temperature conditions and the general types of vegetation 
as shown by plates 1 and 2, and a comparison of these plates with those 
of the temperature provinces emphasizes this statement once more. 

In the case of plate 3, if the evergreen broad-leaved trees and the 
microphyllous trees are taken together as a single group (characterized 
by relatively low transpiring power), it is found that the geographic 
area occupied by this group very nearly corresponds with the area of 
the very warm, warm, and medium temperature provinces as brought 
out by the chart of the average frostless season. Near the Pacific and 
Atlantic coasts the correspondence is not good when the chart of 
physiological summations is employed. 

The two eastern palms, Sabal palmetto and Serenoa serrulata, occupy 
nearly the same area as does the very warm temperature province on 
either of the two temperature charts here employed. ets, 

On plate 29, Phorodendron flavescens shows an area of distribution 
that closely agrees with the form and extent of the combined very 
warm, warm, and medium temperature provinces, as shown on the 
frostless-season chart. As in the case of the broad-leaved and micro- 
phyllous group of trees, the correlation is not good with the physiologi- 
cal summation chart. 
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Parietaria pennsylvanica, and, to a less extent, Arenaria lateriflora 
(plate 30), generally agree in their distributional area with the area 
of the very cool and cool temperature provinces, based on the length of 
the average frostless-season. 

On plate 31, Daucus pusillus is shown to occupy an area that corre- 
sponds, in a very satisfactory manner, with an area composed of the 
very warm and warm climatic provinces, taken with the warmer half 
of the medium province, as shown on the frostless-season chart. 

Other correspondences are suggested by our charts, but these are 
the most satisfactory. The generalization is at once suggested that the 
length of the period of the average frostless season (plate 34) exhibits 
much more striking correlations to vegetational areas than does the 
chart based on physiological summations (plate 40). The results of 
these comparisons are shown graphically by the following scheme: 


Temperature provinces based on frostless season. 


Sabal palmetto 
Serenoa serrulata 
Daucus pusillus 


Broad-leaved and microphyllous 


Parietaria-pentsylvaniea .<o% ccc si|« «ces sltegs wl Ble Ceatera o> ere oe rs Poe eae 


3. MOISTURE PROVINCES. 


For these comparisons with the vegetation charts we have employed 
four charts showing moisture provinces: (1) mean daily normal pre- 
cipitation (P, plate 46); (2) mean daily evaporation, 1887-88 (E, plate 
53); (3) precipitation-evaporation ratio (P/E, plate 57); and (4) mean 
normal relative humidity (H, plate 65). The main cases of agreement 
brought out by these comparisons are given below. 

The generalized vegetation chart of plate 2 shows many coordina- 
tions with the charts of moisture provinces. The best correlation 
occurs with the moisture-ratio chart (P/E), which alone will be con- 
sidered here, although a study of the other moisture charts is well worth 
while in this connection. Desert occupies approximately the arid 
province. Northwestern Evergreen Forest occupies about the humid 
and semihumid provinces, western subdivision. Western Evergreen 
Forest occupies the western and northern subdivisions of the semiarid 
and semihumid provinces. Grassland occupies most of the eastern 
subdivision of the semiarid province, extending eastward approximately 
to the line joining western Hudson Bay with western Gulf of Mexico. 
Deciduous-Forest Grassland Transition (the so-called prairie type of 
vegetation) occupies the more arid portion of the eastern subdivision 
of the semihumid province, merging imperceptibly into the next type. 
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Deciduous Forest occupies the remainder of the eastern subdivision of 
the semihumid province, so that if the two last-named vegetation types 
are grouped together they occupy the whole eastern subdivision of the 
semihumid province. Northeastern Evergreen Forest occupies very 
nearly the northern portion of the eastern subdivision of the humid 
province, but this vegetation type extends southward in the Appa- 
lachians, which is not shown for the corresponding climatic area by the 
precipitation-evaporation ratio; but this southward extension of the 
northeastern humid conditions is shown by the line for 140 on the 
evaporation chart (plate 53, figs. 3 and 22). Southeastern Evergreen 
Forest occupies nearly the same area as the southern portion of the 
eastern subdivision of the humid province. 

This agreement is about as close as could be hoped for in work of this 
kind, and the correlations are very nearly what might have been 
expected. Two apparently important features require brief mention: 
(a) the relation of the Deciduous Forest area to that of the Deciduous- 
Forest Grassland Transition, and (b) the relation between the climatic 
conditions concomitant with the Northeastern and Southeastern Ever- 
green Forests. 

(a) It will be noticed that no one of the climatic maps shows any 
line that may be considered as approximating the position of the 
boundary between the deciduous forest and the prairie. While this 
boundary, like the other lines of plate 2, does not represent a sharp 
line of demarcation, nevertheless it is one of the most pronounced 
and clearly recognizable vegetational boundaries presented by the 
United States. It is actually a simple matter—for example, in 
Minnesota, Indiana, or IJJlinois—for an observer to step, within a 
very few meters, from what is clearly and unequivocally decid- 
uous forest into what is just as unquestionably prairie. This is 
not nearly so easy in the case of the other vegetation boundaries as 
actually encountered in the field; deciduous and evergreen forest 
usually mingled near their common margins, and desert, grassland, 
and prairie usually intergrade quite imperceptibly, so that their bound- 
aries frequently have to be regarded as bands or zones many kilo- 
meters wide, even by an observer in the field. Furthermore, various 
species of trees have recently been introduced upon the upland of the 
prairie region, which originally was forested only on the flood-plains 
of the streams, while the deciduous forest of Pennsylvania, Ohio, ete., 
has been largely removed, so that the general aspect of the country is 
now much the same as in Iowa or eastern Kansas and Nebraska. i This 
fact has led many students to regard the prairie region as potentially a 
deciduous-forest region, as far as climatic conditions go, and various 
non-climatic conditions have been suggested as explaining the original 
absence of trees from the prairie uplands. 

Looked at from the dynamic standpoint, it seems clear to us that the 
difference in environmental conditions that has to be postulated as 
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related to the difference in vegetation here considered must be rather 
recondite and subtile in its nature. We are, however, strongly inclined 
to maintain that this environmental difference will prove to be a cli- 
matic one, though probably not measurable in terms of any of the 
simpler climatic indices. Here is a problem that is well worthy of 
much deeper study than we have been able to give it. We wish to 
suggest one possible dynamic explanation on climatic grounds. 

If our charts showing mean daily evaporation (plate 53, figs. 3 and 
22) be once more examined, it will be recalled that the eastern sub- 
division of the semiarid moisture province here exhibits a great eastern 
lobe reaching from Oklahoma to Pennsylvania. This general phe- 
nomenon is shown or suggested on other moisture charts, and may be 
tentatively regarded as of climatic significance, until more thorough- 
going studies of the aerial moisture conditions become possible. Now, 
this penetration of semiarid conditions into the center of the great 
eastern area of the semihumid province suggests that the explanation 
of the vegetational transition before us is probably largely related to 
evaporation. The same conclusion is suggested by the relative air- 
humidity chart (plate 65, figs. 17 and 24). Just how atmometric or 
air-humidity data should be treated in order to obtain a moisture 
index that may bring this point out in a satisfactory way, if it be true, 
can not, of course, be predicted. In support of the general probability 
that evaporation is the main climatic feature to be called upon to 
explain this vegetational transition, it should be remarked that small 
local prairies were of frequent occurrence in Indiana and Ohio when 
these regions were still under forest, so that the tension zone between 
forest and prairie was apparently very broad in the region south of the 
Great Lakes. It should also be mentioned that the evaporation data 
used for these studies all refer to a single year (Russell’s data, 1887-88) 
and it is suggested that a normal evaporation chart may show an iso- 
atmic line approximating the position of the prairie-forest boundary 
here in question. 

(b) The Northeastern and Southeastern Evergreen Forest types of 
vegetation are well known to be very distinct, at least floristically; yet 
they are to be regarded (along with the Western and Northwestern 
Evergreen Forests) as physiologically or ecologically rather similar, 
being dominated by evergreen, needle-leaved trees. It is therefore 
important to note that the climatic conditions that seem to correspond 
to the Northeastern Evergreen Forest are no more continuous with 
those corresponding to the Southeastern Forest than is the actual dis- 
tribution area of the former forest itself with that of the latter. This 
Doni clearly shown on the three charts for E, P/E, and H (plates 
53, 57, and 65; figs. 2, 3, and 17, and 21, 22, and 24), and a still more 


CORRELATION OF DISTRIBUTIONAL FEATURES. 575 


marked climatic difference is shown between these two areas on the 
chart for P (plate 57, figs. 16 and 28). 

Turning now to the more detailed vegetation charts, the area 
occupied by Pinus palustris (plate 6) nearly corresponds to the south- 
eastern humid province, as shown by P (plate 46, figs. 2 and 21). 

Pinus divaricata (plate 7) occupies about the same area as the north- 
eastern humid province, as shown by EF (plate 53, figs. 3 and 22); its 
area also somewhat nearly corresponds to the same province on the 
charts for P/E and H (plates 57 and 65, figs. 16 and 23, 17 and 24). 

Bulbilis dactyloides (plate 11) shows an area of distribution nearly 
corresponding with the eastern subdivision of the semiarid province 
and the most arid portion of the eastern subdivision of the semihumid, 
as shown by P/E and H. The line from Hudson Bay to the Gulf of 
Mexico passes nearly through the north-south axis of its area. 
ul Pinus edulis (plate 14) occupies nearly the arid province, as shown 

y £. 

Picea sitchensis (plate 14) occupies about the northwest humid 
province, by P/E, and Tsuga heterophylla (plate 14) covers about the 
northwestern humid and semihumid provinces by the same index. 

Quercus falcata (plate 18) has an area of distribution nearly corre- 
sponding to the southeastern humid province, as shown by P. Less 
satisfactory agreements with this same province are exhibited by 
Sapindus marginatus (plate 19) and Jtea virginica (plate 23). In all 
these cases the distribution area extends farther north in the Missis- 
sippi Valley than does the climatic province as shown. 

Populus balsamifera (plate 19) occupies the northern part of the 
eastern subdivision of the humid province, by E. It extends farther 
south than this climatic area, as shown by P/E. The climatic charts 
are not sufficiently detailed in the Northwest to show a correspondence 
to the northwestern area of the species. 

Decodon verticillatus (plate 23) has an area of distribution nearly 
conforming with that of the eastern subdivision of the humid province, 
together with all but the most arid portion of the eastern subdivision 
of the semihumid province, as shown by P/E or H. 

Phorodendron juniperinum (plate 29) has an area of distribution 
roughly corresponding to the arid province, by P/E and H. 

Oxybaphus nyctagineus (plate 33) occupies the more humid part of 
the eastern semiarid province and the more arid part of the eastern 
semihumid province, as shown by P/E, the distribution area of this 
form being much like that of Bulbilis dactyloides (plate 11). 

The schematic presentation on page 576 shows the relations just 
described, for the individual species considered. 
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Moisture provinces, by P, E, P/E and H. 
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4, TEMPERATURE-MOISTURE PROVINCES BASED ON THE PRODUCT INDEX. 


It will be recalled that our three moisture-temperature charts (plates 
69 to 72) show a form of climatic zonation that is very similar to that 
shown by the chart based on the mean aqueous-vapor pressure for the 
period of the average frostless season. For comparison with the vege- 
tational areas, only the generalized chart of moisture-temperature 
indices using the physiological temperature summation (plate 72, 
figs. 18 and 25) has been employed. 

To avoid confusion, it is first necessary to point out that certain 
climatic provinces are shown as practically the same by the moisture- 
ratio chart (plate 58, figs. 16 and 23) and by the one here considered 
(plate 72, figs. 18 and 25). The arid province corresponds very well 
with the province of very low moisture-temperature values. The 
semiarid province represents much the same area as the province of 
low product values, but the north-south boundary of the latter province 
lies much farther west at its southern end (Texas), and farther east at 
its northern end (South Dakota). This line on the moisture-ratio 
chart is practically the Hudson Bay-Gulf of Mexico line, as has been 
noted, while the north-south line just mentioned has a very different 
position. Also, the eastern projection of the province of low product 
values is not represented on the chart of moisture-ratios; it roughly 
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corresponds to the northeastern portion of the humid province, as 
shown on the latter chart. The northwestern areas of medium and 
high product values correspond, to a degree, with the similar semihumid 
and humid provinces on the moisture chart. 

The eastern half of the product chart resembles a temperature 
chart In its zonation, as has been mentioned, and shows no clear rela- 
tion to the moisture-ratio chart, excepting that the southeastern area 
of very high moisture-temperature values may be considered as corre- 
sponding to the southeastern humid area in the latter case. Only this 
eastern half needs, therefore, to be specially compared with the vegeta- 
tion charts, and in this comparison the southeastern area (of very 
high products and of high moisture ratios) may be left out of account. 
The comparison brings out the fact that there are but two cases where 
any striking agreement in form and position of areas is to be detected. 

Quercus alba (plate 18) occupies, roughly, the provinces of medium, 
high, and very high product values, but this species does not extend 
nearly as far westward in the southwestern part of its area as does the 
province of medium moisture-temperature products. Also, this tree 
does not occupy peninsular Florida, which includes the highest product 
values. Quercus alba may be said mainly to correspond, in its dis- 
tributional area, with the region having moisture-temperature indices 
ranging from 4 to 22, but in the southwestern portion of its area it 
extends westward only about as far as index-value 17. This is not to 
be considered a very satisfactory agreement. 

The other case where an apparent agreement between moisture- 
temperature product zones and vegetation areas is to be detected is 
that of the cumulative distribution of southeastern deciduous’ trees 
(plate 4). In this case the agreement is more nearly perfect than for 
Quercus alba, but here, also, the vegetation area does not extend south 
in Florida far enough to include the very highest product value. These 
15 trees, considered together, occupy the provinces of high and very 
high product indices, except the very highest, and with the further 
exception that they extend much farther westward in Texas than does 
the province of high index values. These trees may be considered as 
occupying the region having moisture-temperature indices ranging 
from 7 to 23, but they extend to index-value 2 in Texas. 

On the whole, we are once more led to the conclusion that the mois- 
ture-temperature products do not furnish a criterion of great general 
value, as far as the discovery of distributional correlations is concerned, _ 
at least for the vegetation areas that we have charted. Of course, many 
areal correlations not here mentioned are to be found between our 
vegetation charts and the chart here considered, but most of these 
represent cases where this chart agrees, in its zonation, with the mois- 
ture charts, and a number of such correlations have been noted in 


connection with those. 
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5, TWO-DIMENSIONAL CLIMATIC PROVINCES. 


Although a number of the various vegetational areas shown on the 
charts of plates 2 to 33 have been shown to be more or less precisely 
comparable with geographically corresponding climatic areas, it never- 
theless appears that such satisfactory correspondence is the exception 
rather than the rule. The climatic conditions concomitant with the 
vegetation areas that fail to show such simple correlations as have been 
mentioned in the preceding paragraphs require a more complex mode of 
description, at least until the proper simple climatic indices may be 
discovered. The most thoroughgoing subdivision of the country 
into climatic provinces, which has been attempted in our studies, 
is that based on the two-dimensional provinces. The use of these 
smaller climatic areas makes it possible to describe any vegetation 
area not simply correlated with either moisture or temperature prov- 
inces alone, in terms of both moisture and temperature conditions 
together. Such a description is clearly climatic and may lead to further 
correlations, but this method soon encounters limitations, since, as 
has been pointed out, there are frequently several two-dimensional 
provinces with the same dimensions or characteristics, and these can 
not as yet be simply distinguished on a climatic basis alone. For the 
present, and in the comparisons mentioned below for illustration, it 
seems best to fall back upon geographical terms, in order to distinguish 
such climatically similar but geographically distinct areas. This 
method frankly begs the entire question of correlations; it furnishes, 
wherever it is employed, nothing more than a geographical description 
of the details of configuration with which it deals. It is, however, not 
to be resorted to until the climatic description of the vegetational area 
in question is as complete as possible, so that the resulting description 
always bears much more climatic information than would a purely 
geographic description. The latter sort of description is quite useless, 
as far as our purposes are concerned, for it merely states that the given 
plant or vegetation type occurs where it is. 

In the following paragraph we present descriptions of several vege- 
tational areas, following the method just outlined. For the two- 
dimensional climatic provinces we shall here employ only the chart 
formed from the length of the average frostless season and from the 
precipitation-evaporation ratio (fig. 19). The cases considered are 
set forth here simply to illustrate the use of this method of interpreta- 
tion; we have not yet proceeded far enough with this more complicated 
aspect of the subject to be able to arrive at any very promising general- 
ization. The distribution areas chosen for discussion here are taken 
from eastern forms among those that fail to show intelligible relations 
to the simple climatic provinces of moisture and temperature. 

In the case of the evergreen broad-leaved and microphyllous trees 
(plate 3), attention has been called to the fact that the distribution of 
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this group may be very satisfactorily described in terms of the tem- 
perature provinces alone, but neither temperature nor moisture 
conditions alone are adequate to bring out any climatic correlations 
that may suggest an explanation as to why the broad-leaved trees 
occur only west and east, while the microphyllous ones occur in an 
intermediate region. 

Comparing plate 3 with figure 19, it becomes at once apparent, 
however, that the broad-leaved trees occur mainly in the very warm 
humid province (Florida and Louisiana) and that they occur in smaller 
number of species in the warm and medium humid and in the warm 
and medium semihumid provinces. Especially in California they occur 
in the warm and medium semihumid provinces. The microphyllous 
trees occur mainly in the warm and medium arid, and they occur as 
fewer species, especially in Texas, in the warm and medium semiarid. 
The two-dimensional provinces are thus fairly satisfactory in corre- 
lating the distribution of these two groups of trees with the two 
primary groups of climatic conditions. 

The distribution of the eastern deciduous trees (plate 5) must be 
described, first, in geographic terms. They occur east of the line 
joining Hudson Bay with the Gulf of Mexico, and they are absent 
from all climatic provinces west of this line. In the area thus demarked 
their area, of greatest density lies within the cool and medium semi- 
humid provinces. This area does not correspond to all of the area of 
these provinces, but it does not significantly overlap any of the humid 
provinces. Itoccupiesabout the eastern half of the cool semihumid prov- 
ince (Kentucky to Massachusetts), and the northern marginal portion of 
the eastern half of the mediwm semihumid province. For the most part, 
these trees may be said to occur in greatest number of species with the 
more humid and warmer conditions of the cool semihumid province. 

The distributional area of Liritodendron tulipifera, one of the eastern 
deciduous trees, is also not possible of description in terms of our 
- climatic provinces alone. It must first be stated that this tree occurs 
only in the East. Its area occupies most of the eastern half of the 
cool semihumid province, not reaching the boundary of the cool humid 
on the north and extreme northeast. It occupies about the eastern 
two-thirds of the medium semthumid and all of the medium humid 
provinces. It also occupies the eastern lobe of the warm semihumid 
and a portion of the warm humid (Georgia, etc.). It does not extend 
_into the very warm temperature province. 

The area of greatest frequency for this tree, which may be considered 
as its geographic and climatic center of distribution, lies practically 
in the center of the distributional area just described. This smaller 
area may be defined as occupying the southeastern triangular lobe of 
the cool semihumid province and the northern half of the central por- 
tion of the medium semihumid, which adjoins that triangular lobe at 
the southwest. Thus, this center of distribution occurs with cool- 
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medium temperature conditions and with the more humid conditions 
of the semihumid moisture province. It does not extend to the bound- 
ary of the humid province at any point. 
Silphium laciniatum (plate 25) shows a clearly outlined geographical 

area of distribution, occupying the Missouri-Mississippi-Ohio Valley 
as far north as the Grand River in Michigan, as far west as western — 
Kansas, and as far east as the Appalachian Mountains. It does not 
occur either in the West or east of the Appalachians. Within these 
geographical limits the distributional area of this plant corresponds to 
the following two-dimensional climatic provinces: 

(a) Warmer two-thirds of the cool semihumid, west of Appalachians. 

(6) Small portion of cool semiarid, the warmer, more humid part of this 

province. 

(c) Medium semihumid, west of Appalachians. 

(d) Eastern (more humid) half of medium semiarid. 

(e) Most of warm semihumid (all but a small area in Georgia). 

(f) Coolest portion of warm semiarid (Texas). 

(g) Western half of warm humid (Louisiana to Florida). 


This Silphium appears not to extend into the very warm temperature 
province to any considerable extent. It occupies the more arid part of 
the semihumid and the more humid part of the semiarid, within the 
warm and medium provinces and the warmer part of the cool province. 

Many other examples might be given showing the use of two-dimen- 
sional climatic provinces, supplemented by geographical data, in 
climatically describing vegetational areas for purposes of comparison. 
Indeed, any vegetational area may be so described after the requisite 
two-dimensional chart has been once prepared. But the four cases 
considered above should be sufficient to demonstrate the investiga- 
tional value of this general method. If the relations holding between 
climatic conditions and plant activity receive the attention that they 
deserve from ecologists and climatologists, this method, with improve- 
ments, should prove very useful. Especially should this be true for 
studies of agricultural and forest climatology, which is just beginning 
to attract serious attention in this country. 


CONCLUSION. 


The work presented in this publication has fallen under three heads: 
(1) giving the facts as to the distribution of certain types of vegetation 
and certain species of plants of the United States; (2) giving the 
data to show the intensities of the leading climatic conditions in the 
United States; (3) correlating these two bodies of facts in such a man- 
ner as to learn the exact range of conditions under which each plant 
or vegetation lives with respect to each of the climatic elements. 

The botanical facts lead to the subdivision of the vegetation into a 
small number of natural areas, delimited on a purely vegetational 
basis, to the outlining of regions in which particular ecological types 
are most abundant, and to the presentation of the distributional areas of 
a number of important species in the vegetation. The climatological 
data have been selected or elaborated with respect to the conditions 
which are of most importance to plants, with the aim, wherever possible, 
of devising new expressions for the climatic conditions that might be 
suited to the botanical problems in hand. The correlation of the dis- 
tribution of plants with the distribution of various numerical values or 
indices of the several climatic conditions has been carried out with the 
full realization that such correlations do not carry conclusive proof of 
the existence of causal connection. It is only by careful elimination of 
possibilities and by comparison of results, that these correlations 
can be used as more than a source of suggestions. 

The existence of a causal relation between the climatic conditions and 
the vegetation of any given region is so well known as to have become 
practically axiomatic. A relation between climate and the distribution 
of the common species which dominate the principal vegetations is 
likewise well-established fact. But the relations between climate and 
the distribution of the generality of individual species is indirect and is 
obscured by many considerations. 

In an investigation of the réle that is played by the various climatic 
conditions in determining the optimum activity of a plant or the’ 
limitation of its distribution, it is necessary to bear in mind that the 
conditions operate collectively and that their influences are often | 
interdependent. The réle of each condition changes with the changed 
values of the other conditions. In attempting to determine the relative 
importance of several climatic conditions as determinants of a given 
distributional phenomenon, it is seldom possible to do more than 
speak in general terms. It may be possible to state, for example, that 
temperature conditions are more important than moisture conditions 
in a given case, without its being possible to determine, on the same evi- 
dence, which of the several aspects of temperature is most important. 

The problem of the réle of climatic conditions in determining plant 
distribution is essentially a physiological one, since it rests, in ultimate 
analysis, upon the influence exerted by environmental conditions on the 
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activities of individual plants. The attack upon this problem must, 
however, be made by methods quite different from those employed in 
purely physiological investigations. The conditions must be measured 
rather than controlled, and the plant material must be examined 
throughout its range of occurrence, much as a large series of experi- 
mental cultures is scrutinized for the discovery of the effect produced 
by controlled conditions. The methods that must be employed hinge 
very largely upon the interpretation of a vast series of uncontrolled 
experiments under the varying conditions of natural environment. 
It is to the geographical aspects of the problem that we must ascribe | 
many of its complexities and much of its difficult nature. 

Although the results secured in this investigation are only general in 
their applicability, we have endeavored to develop and make use of 
methods which are specific and definite enough to warrant more ~ 
extended use. The basic data, both as to climate and vegetation, are 
scanty in many cases, and the methods used could well be employed to 
greater advantage with fuller data, or for the investigation of similar 
problems in smaller areas. 

The presentation of vegetational data that has been given takes no 
account of the minor plant communities that occupy relatively small 
areas in all plant formations, and owe their existence to the modifica- 
tion of the fundamental conditions of climate through differences in 
what might be designated as the response of soils to the climatic condi- 
tions. No account has been taken of the developmental changes of 
vegetation in regions with rapidly shifting topography, since these 
changes depend mainly on differences in the character of the soil, or 
on changes of environment due to the plant covering. All develop- 
mental changes in vegetation are due to changes of environmental con- 
ditions, and it is only rarely, or over very long periods of time, that 
these changes are in the nature of definite alterations of the general 
climate of the region. 

Our presentation of climatic conditions has been limited chiefly to 
those elements of the climate that are commonly measured, as it is 
impossible to secure well-distributed series of data for other conditions, 
although many of these are well known to be of great importance to 
plants. A departure from the customary climatological procedure 
has been made in securing many of the data on temperature and mois- 
ture conditions for the period of the average frostless season as well as 
for the calendar year. The length of the average frostless season has 
been determined for each of the stations from which other climatic data 
have been used. The data for the summation of temperature have 
been worked out by three methods, in addition to the one used by 
Merriam. It seemed advisable to give this promising means of secur- 
ing additive temperature data a thorough test, and to attempt to arrive 
at a method with fewer objections from a physiological standpoint than 
could be urged against the older methods. 
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The determination of the ratio of precipitation to evaporation, 
which was first applied to distributional problems by Transeau, has 
been made for the entire United States, and has been derived by three 
methods. So great is the importance of the “moisture ratio,” as this 
has been designated, that it is greatly to be hoped that our maps 
showing the distribution of the ratios may soon be redrawn upon the 
basis of much fuller evaporation data. A further attempt has been 
made to secure composite expressions of groups of important climatic 
conditions by determining the products of the moisture ratios and the 
summations of temperature. A cartographic method of approaching 
the same end has been employed for the determination of the areas 
included between the isoclimatic lines for the moisture ratio and those 
for the physiological summation of temperature. The result is a series 
of climatic provinces which are based upon the two expressions of 
climatic conditions that are probahly the most fundamental ones 
dealt with in this work. 

The correlation of climate and vegetation has been carried out in 
three ways: The maximum and minimum values of each climatic 
condition have been determined for each vegetational area or for the 
distributional area of each species. A comparison has been made 
between the amplitude of the conditions in each botanical area and the 
amplitude in the United States as a whole, in order to discover how 
small or how great a portion of the whole range of climatic conditions 
is occupied by the vegetation or plant in question. Comparisons have 
been made between the positions of isoclimatic lines and the lines drawn 
to show the limits of botanical areas, for the purpose of discovering 
close correspondences. The detailed results of these methods of 
correlation are given in the preceding pages; they do not lend them- 
selves to being summarized. 

The parallelism that exists between the distribution of many of the 
closely related climatic conditions makes it difficult in some cases to 
determine which of the several aspects of a given condition is of the 
greatest importance in controlling a particular plant or vegetation. 
The methods used rarely fail, however, to demonstrate whether it is | 
the temperature group of conditions or the moisture group that pos- 
sesses the greater importance. ' 

With respect to the generalized vegetation areas of the United 
States, one of the most clear-cut evidences of a fundamental correla- 
tion exists in the correspondence between the position of the vegeta- 
tional boundaries and the position of the isoclimatic lines expressing 
certain values of the moisture ratio for the average frostless season. 
The composite character of the moisture ratio, and the fact that it is 
derived from such an important group of climatic conditions, give it a 
value of the first rank in dealing with the physical conditions determin- 
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With respect to the distribution of individual species it is to be noted 
that most of those which are characteristic and abundant in important 
vegetations are, like the vegetation itself, controlled by moisture con- 
ditions. In fact, the distributional limits of such species frequently 
lie just within or without the limits of the vegetation in which they are 
dominant. The limits of distribution of many herbaceous and palus- 
trine plants lie parallel to the isoclimatic lines for temperature condi- 
tions. For palustrine plants the topographic conditions make the 
soil-moisture nearly alike at all times and in all places, and the dis- 
tribution of these plants is therefore subject to temperature control. 

The aim of our studies has been to bring forward certain types of 
the methods that may be employed in studying the etiology of plant 
distribution and to present some of the climatological data necessary 
to such work in the United States. Thesubject is large and complex, but 
it offers promising fields for further investigation, and it is to be hoped 
that many more workers will be attracted to it in the early future. 

The growth of our knowledge of plant physiology will bring with it 
the need of obtaining measurements of new features of the environ- 
mental complex, or the need of determining new phases of the climatic 
elements for which we already have data. 

The progress which is being made in the study of light and its 
influences upon plants may well lead to the discovery that this group 
of conditions plays a more important réle in the distribution of plants 
than has heretofore been suspected. The whole field of the influence of 
/ temperature on plant distribution needs to be approached with regard 
to the temperature requirements of each phase of the life-history of the 
plant. A much more detailed analysis of temperature effects is needed, 
and a much more elaborate system of recording temperature data. 

The physical conditions of the soil need much more detailed investi- 
gation from the point of view of their dependence on general climatic 
conditions. The geographical aspects of soil-moisture and soil-tem- 
perature conditions have been neglected by reason of the local com- 
plexities that they present. There is great need of the investigation 
of these and other soil conditions at a large number of well-distributed 
localities. An elucidation of the local conditions of each place would 
throw light on the relation of climatic conditions to the conditions of 
the soil, would increase our knowledge of important aspects of the soil, 
and would give a basis for learning the geographical range of the 
intensities of these conditions. 

The methods used in this publication and the climatic data presented 
may be used to investigate the controlling conditions for other plants 
than those we have taken up. A marked improvement in methods 
would doubtless follow a truly thorough investigation of the ecological 
distribution and controlling conditions of any one plant. To have its 
greatest value, such an investigation should be made with reference to 


the ecological center for the plant and with reference to all parts of the 
edge of its distributional area. 
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The work of distributional etiology must be carried on in close 
coordination with the work of plant physiology. A knowledge of the 
fundamental physiological features of a plant should go hand in hand 
with an effort to investigate the features of physiological and ecological 
behavior that do not lend themselves to laboratory experimentation. A 
substantial advance in the investigation of the etiology of plant dis- 
tribution would provide facts and methods of inestimable value in the 
practice of agriculture, horticulture, and forestry. 
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